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SUFFIELD  MEMORANDUM  NO.  1165 

IMPROVING  LOW  TEMPERATURE  STARTABILITY  OF  Mil  3  VEHICLES: 

HOT  AIR  HEATING  TESTS 

by 

T.F  Stupich 

V. S.  Shankhla 

W. G.  Fdrster 

ABSTRACT 

-Tests  were  conducted  to  determine  the  effect  of  hot  air 
seating  systems  on  the  temperatures  and  the  starting  ability  of  the 
Canadian  Forces  Ml  1 3 A 1  Armoured  Personnel  Carrier.  Results  showed  that 
Ml  13  vehicles  require  heating  in  order  to  start  at  temperatures  below 
-12°C.  Two  hot  air  heating  systems  proved  to  be  capable  of  enabling 
vehicle  starting  at  -1o0C,  which,  because  of  unusually  warm  ambient 
conditions,  was  the  lowest  temperature  that  occurred  during  testing. 

One  of  tne  heating  systems  supplied  hot  air  to  the  combustion  air 
intake,  and  results  suggest  that  this  method  may  be  capable  of 
enabling  starting  at  moderately  cold  temperatures  (down  to  -  -25°C). 

The  other  system,  which  supplied  hot  exhaust  gases  to  the  engine 
compartment  and  hot  exhaust-free  air  to  the  batteries  and  personnel 
compartment,  appeared  as  though  it  would  be  capable  of  enabling  vehicle 
starting  at  much  lower  temperatures.  However,  there  was  a  significant 
amount  of  waste  heat  associated  with  using  hot  air  to  warm  the  engine 
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on  the  vehicle  and  the  condensation  inherent  to  heating  with  exhaust 
gases  caused  serious  problems.  In  addition,  the  Espar  Swingfire  pulse 
combustion  heaters  that  were  used  as  the  heat  source  in  both  heating 
systems  were  found  to  be  extremely  unreliable. 
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SUFFIELD  MEMORANDUM  NO.  1165 


IMPROVING  LOW  TEMPERATURE  STARTABILITY  OF  Ml  1 3  VEHICL 


HOT  AIR  HEATING  TESTS 


T.F  Stupich 


V.S.  Shankhla 


W.G.  Fbrster 


INTRODUCTION 


In  response  to  a  tasking  initiated  by  the  Directorate  of  Combat 
Mobility  Engineering  and  Maintenance,  the  Vehicle  Mobility  Section 


at  the  Defence  Research  Establishment  Suffield  conducted  studies  to 


determine  the  performance  limitations  of  M113A1  armoured  personnel 
carriers  at  low  temperatures  (down  to  -40°C).  An  additional  objective 


undertaken  as  part  of  the  tasking  was  to  make  recommendations  for 


modifications  of  present  machinery ,  systems  or  procedures  based  on 


evidence  obtained  by  conducting  experiments.  Currently,  Ml  1 3  vehicles 


exhibit  very  poor  cold  starting  capabilities  and  experience  an 


extremely  high  incidence  of  component  failure  at  low  temperatures.  To 


avoid  cold  starting  problems,  standard  operating  procedure  is  to 


continuously  idle  the  Ml  1 3  engine  throughout  the  duration  of  deployment 


in  cold  regions. 


A  wealth  of  information  regarding  the  poor  performance  of  Ml  1 3 
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vehicles  during  Arctic  exercises  is  contained  in  the  maintenance  report 
from  Exercise  Sovereign  Viking  1981  [l].  This  report  identifies 
shortcomings  of  Ml  13  vehicles  with  regard  to  cold  regions  operations 
and  provides  insight  into  the  probable  causes  of  some  of  the  many 
vehicle  breakdowns.  Prolonged  engine  idling  was  identified  as  a 
primary  cause  of  vehicle  breakdowns.  Reports  from  previous  Arctic 
exercises  also  cite  the  engine'3  inability  to  attain  normal  operating 
temperature  as  a  chief  cause  of  breakdowns,  but  on  Exercise  Sovereign 
Viking  1981  the  use  of  vehicle  insulation  enabled  virtually  normal 
engine  operating  temperatures  to  be  refohed.  Various  other  heat 
retention  devices  such  as  grille  covers  and  shutters,  controlled 
cooling  fans  and  exhaust  retrictors  can  also  increase  engine  operating 
temperatures. 

Reference  2  reports  on  tests  designed  to  define  the  minimum 
reliable  starting  temperatures  of  typical  in-service  Ml  1 3  vehicles 
operated  by  CF  personnel.  This  study  revealed  the  severity  of  the 
starting  problem  and  thereby  the  necessity,  given  the  current  vehicle, 
of  continuous  engine  idling  even  in  moderate  winter  conditions. 

In  order  to  eliminate  the  need  for  continuous  idling,  cold 
starting  capabilities  require  substantial  improvement.  However,  there 
are  many  factors  that  contribute  to  the  cold  starting  problems  of 
diesel  vehicles.  Diesel  engines  operate  on  the  principle  of 
compression  ignition;  therefore,  a  minimum  combustion  chamber 
temperature  must  be  achieved  during  the  compression  stroke  in  order  for 
the  fuel/air  mixture  to  ignite.  The  compression  temperature  achieved 
is  mainly  dependent  on  air  inlet  temperature  and  attainable  cranking 
speed.  Figure  1  reveals  the  effect  of  preheating  intake  air  from  an 
ambient  temperature  of  -20°C  up  to  temperatures  as  warm  as  20°C.  At  a 
cranking  speed  of  150  rpm,  for  instance,  the  effect  would  be  to 
increase  compression  temperatures  from  300°C  to  370°C.  This  would  very 
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likely  be  the  difference  between  a  successful  start  and  a  no-start  (a 


■'omhustion  chamber  temperature  of  3^0°C  ensures  ignition  of  diesel 


fuel  [3  J ) 


Figure  1  also  displays  the  effect  of  cranking  speed  on 
compression  temperature  and  hence  starting.  A  cranking  speed  of 


120  rpm  would  heat  -20°C  intake  air  to  only  250°C,  whereas  with  a 
cranking  speed  of  180  rpm  the  air  would  be  heated  to  3 ^ 0 0 C .  From 


another  perspective,  even  though  at  20°C  a  cranking  speed  of  120  rpm  is 
sufficient  to  attain  the  ignition  temperature  of  diesel  fuel  (shown  by 
broken  line),  1 80  rpm  is  needed  at  the  lower  temperature. 


Cranking  speed  is  chiefly  dependent  on  available  battery  power 
and  resistance  to  cranking.  The  amount  of  power  that  a  battery  can 
deliver  is  a  function  of  the  electrolyte  temperature  as  shown  in 
Figure  2.  A  battery  at  ~30°C  can  deliver  only  20?  of  the  rated  maximum 
power  whereas  one  at  27°C  potentially  has  100?  available. 


Engine  lubricant  viscosity  is  the  factor  having  the  most 


influence  upon  the  amount  of  cranking  resistance  encountered. 


Viscosity  is  profoundly  affected  by  temperature  as  evidenced  by 
Figure  3-  Transmission  lubricants  can  also  have  a  significant  effect 


on  the  total  cranking  resistance  on  some  vehicles  but  Ml  13s  are 


equipped  with  the  Arctic  clutch,  a  device  which  disconnects  the 
crankshaft  from  the  transfer  gearcase  in  order  to  reduce  cranking 


resistance. 


Apart  from  intake  air  temperature,  electrolyte  temperature  and 
engine  lubricant  viscosity,  the  only  factor  having  a  major  influence  on 


cold  starting  ability  is  the  delivery  of  fuel  to  the  combustion 


chamber.  The  increased  fuel  viscosity  and  reduced  cranking  speeds 
common  to  low  temperatures  can  decrease  the  quality  of  injection  of  the 
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fuel  and  thereby  cause  additional  starting  problems. 

During  this  investigation  of  Ml  1 3  low  temperature  startability , 
a  total  of  four  different  concepts  were  tested.  These  were: 

a.  Automatic  Engine  Cycling 

b.  Hot  Coolant  Transfusion 

c.  Electric  Heating 

d.  Heating  Using  Hot  Air  and  Heater  Exhaust 

The  tests  were  conducted  at  Canadian  Forces  Base  Winnipeg, 

January  -  February  1984,  and  were  performed  to  determine  the  most 
favourable  concept  for  heating  Ml  1 3  vehicles  deployed  in  cold  regions. 

This  report  is  concerned  with  the  performance  of  two  hot  air 
heating  systems.  In  these  heating  systems,  fuel-fired  pulse  combustion 
heaters  were  utilized  for  preheating.  Preheating  involves  rapidly 
increasing  the  temperatures  of  an  initially  cold  vehicle  in  order  to 
enable  starting.  Both  hot  air  and  exhaust  gases  were  used  to  heat 
batteries,  the  engine  block,  engine  lubricant  and  intake  air.  Vehicle 
modifications  were  also  made  to  facilitate  the  testing  of  fuel  warming 
and  conditioning  devices,  grille  covers  and  a  controlled  cooling  fan. 


2.0  OBJECTIVES 


1.  To  determine  the  feasibility  of  preheating  Ml  13  vehicles  using 
hot  air  and  heater  exhaust. 

2.  To  compare  the  starting  ability  of  vehicles  equipped  with  hot  air 
heating  systems  with  that  of  unequipped  vehicles. 
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3.  To  determine  the  capability  of  the  hot  air  heating  systems  tested 
to  preheat  Ml  1 3  vehicles  at  temperatures  as  low  as  -40°C. 

4.  To  determine  the  minimum  temperatures  to  which  various  components 
must  be  heated  in  order  to  enable  vehicle  starting. 

5.  To  determine  the  minimum  heat  input  and  preheating  time  required 
to  enable  starting  as  a  function  of  initial  vehicle  temperature. 


3.0  EQUIPMENT 

3 . 1  Test  Vehicles 

Ml  13  armoured  personnel  carriers  equipped  with  6V53  Detroit 
Diesel  engines  were  utilized  as  test  vehicles.  Data  on  these  vehicles 
and  the  6V53  power  plant  are  presented  in  Annex  A.  Vehicle 
preparations  for  low  temperature  operation  involved  the  use  of  winter 
grade  diesel  fuel,  15W40  multigrade  motor  oil  and  a  45%  water,  55% 
ethylene  glycol  coolant  mixture.  A  CF  issue  grille  cover  was  installed 
over  the  fan  and  radiator  grille  on  each  vehicle  to  reduce  the  influx 
of  cold  ambient  air  into  the  engine  conpartment.  In  addition,  the  fan 
belts  on  each  vehicle  were  removed  in  order  to  decrease  engine  warmup 
time  and  simulate  the  effect  of  a  thermostatically-controlled  cooling 
fan.  Two  vehicles  are  of  concern  in  the  tests  of  the  hot  air  heating 
system,  the  control  vehicle  and  the  test  vehicle. 


Data  Acquisition 


Both  vehicles  were  equipped  with  type  T  thermocouples  which 
measured  oil,  coolant,  intake  air,  fuel  and  electrolyte  temperatures 
(see  Figure  B-1 ) .  Table  B-1  provides  a  listing  for  the  18 
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thermocouples  installed  on  the  test  vehicle.  A  schematic  drawing  of 
their  locations  is  shown  in  Figure  B-2.  A  listing  of  the  locations  of 
the  thermocouples  installed  on  the  control  vehicle  is  provided  in 
Annex  D. 

To  permit  measurement  of  starting  current  and  voltage,  a  1200A 
50mV  current  shunt  as  shown  in  Figure  B~3  was  installed  on  each  of  the 
vehicles.  Engine  speed  was  measured  using  an  optical  encoder  on  the 
camshaft.  Figure  B-4  shows  the  encoder  and  Figure  B-5  displays  its 
installation.  The  encoder  produced  300  pulses  per  revolution  of  the 
camshaft. 

A  Macsym  350  data  acquisition  system  was  used  to  record  and 
display  temperatures  and  starting  data.  Figure  B-6  gives  a  schematic 
of  the  hardware  used  in  this  data  acquisition  system.  Annex  B  also 
includes  a  copy  of  the  software  which  was  written  in  MACBASIC. 

3.3  Vehicle  Heating 

Espar  Swingfire  heaters  (see  Figure  4)  were  used  as  the  sources 
of  heated  air  and  hot  exhaust  gases.  The  heaters  are  fuelled  by 
gasoline  and  produce  approximately  12KW  (40,000  3TU/hr)  [6].  They 
operate  on  the  principle  of  pulse  combustion  which  means  that 
electrical  power  is  required  only  during  heater  start-up.  Since  they 
are  also  equipped  with  their  own  fuel  tank,  the  heaters  require  no 
external  connections  once  started  and  therefore  are  easily  portable 
while  operating.  Swingfire  heaters  are  claimed  by  the  manufacturer  to 
be  capable  of  starting  at  temperatures  as  low  as  -54°C,  and  they  can  be 
used  with  a  wide  variety  of  heat  exchangers  which  make  the  heater 
adaptable  to  many  different  types  of  heating  systems. 

The  heat  exchangers  used  during  these  tests  included  the  mixing 
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pipe  (Figure  5),  the  turboheater  (Figure  6)  and  the  hot  air  blower 
(Figure  7).  The  Swingfire  heater  outputs  a  pulsating  stream  of  exhaust 
gases.  When  the  mixing  pipe  is  attached  to  it,  fresh  air  is  entrained 
into  the  stream  of  exhaust  gases  and  the  mixture  is  delivered  at  a 
temperature  of  about  3^0°C.  The  turboheater  uses  the  exhaust  stream  to 
drive  a  turbine  which  draws  air  through  the  heat  exchanger  and  outputs 
exhaust-free  air  at  a  temperature  of  approximately  100°C.  There  is  a 
separate  exhaust  for  the  products  of  combustion.  The  hot  air  blower 
also  uses  a  turbine  to  entrain  fresh  air  but  does  not  completely  remove 
all  products  of  combustion  from  the  heater  output.  The  hot  air  blower 
has  a  much  higher  outlet  temperature  (300°C)  than  the  turboheater. 

Note  that  the  output  temperatures  quoted  above  are  representative  of 
the  results  obtained  during  the  tests  reported  herein,  for  which  fresh 
air  temperatures  were  in  the  range  -1o°C  to  +2°C. 

As  shown  schematically  in  Figure  8,  the  heating  system  on  the 
test  vehicle  utilized  two  Swingfire  heaters,  one  in  conjunction  with  a 
mixing  pipe  and  the  other  with  a  turboheater.  A  photo  of  a  mixing 
pipe,  Swingfire  heater  and  turboheater  is  provided  in  Figure  9.  The 
rear  engine  access  panel  on  the  vehicle  was  modified  to  permit 
installation  of  a  6"  length  of  flexible  pipe  that  originated  in  the 
personnel  compartment  and  terminated  inside  the  engine  compartment 
underneath  the  rear  of  the  oil  pan.  For  vehicle  heating  tests,  the 
mixing  pipe  was  coupled  to  this  pipe  and  was  thus  able  to  warm  the  oil 
pan  despite  being  located  in  the  personnel  compartment. 

The  second  Swingfire  heater  was  also  installed  in  the  personnel 
compartment,  but  this  one  was  used  with  a  turboheater  for  the  purpose 
of  warming  vehicle  batteries.  Battery  heating  was  accomplished  through 
the  use  of  6”  diameter  flexible  ducting  which  connected  to  the 
turboheater  and  directed  the  hot  air  output  toward  the  top  of  the 
batteries.  In  the  initial  set-up,  a  battery  lid  was  used  to  direct  the 
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heat  evenly  over  the  top  of  the  batteries  and  also  to  reduce  the  amount 
of  heat  escaping  from  the  battery  box.  During  the  first  test  of  this 
system,  however,  it  appeared  that  the  amount  of  heating  was  excessive 
and  that  the  batteries  would  be  damaged  unless  the  output  from  the 
turhoheater  was  dispersed  to  a  greater  extent.  Therefore,  in  all 
subsequent  tests  the  battery  lid  was  not  utilized.  Turboheater  exhaust 
was  carried  through  the  modified  rear  engine  access  panel  and 
directed  at  the  top  of  the  right  cylinder  head.  The  limited  space 
available  within  the  engine  compartment  dictated  the  location  at  which 
this  exhaust  pipe  terminated.  It  would  have  been  preferable  to  have 
the  exhaust  directed  evenly  across  the  engine  block  rather  than  over  a 
small  area  on  one  side  of  the  block. 

The  hot  air  blower  was  used  on  the  control  vehicle  but  did  not 
require  vehicle  modification  or  the  permanent  installation  of  any 
equipment.  Heating  of  the  control  vehicle  merely  involved  removing  the 
air  cleaner  and  directing  the  hot  air  blower  output  directly  into  the 
air  intake  through  the  use  of  a  length  of  3&"  flexible  ducting. 

3 Fuel  Conditioning 

The  test  vehicle  was  equipped  with  a  Dahl  Model  #100  fuel 
filter/water  separator  (see  Figure  10).  This  filter  was  used  as  a 
replacement  for  the  standard  vehicle  primary  fuel  filter  because  of 
superior  water  extraction  and  contaminant  filtration  capabilities.  A 
Webb  Fuel  Heater  (Figure  11)  was  used  in  conjunction  with  the  improved 
filter  since  the  two  together  were  considered  a  potential  solution  to 
fuel  line  freezing  and  filter  clogging  problems.  The  fuel  heater  used 
hot  coolant  from  the  engine  as  its  heat  source.  Heating  of  fuel 
decreases  the  size  of  the  wax  crystals  in  it.  Fuel  heating  also 
reduces  fuel  viscosity,  improves  atomization  and  decreases  the 
incidence  of  ice  crystal  formation.  When  the  fuel  filter/water 
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separator  is  used,  the  fuel  heater  is  needed  to  reduce  the  size  of  the 
wax  crystals  because  of  the  substantially  increased  degree  of 
filtration  (2  micron  filter  vs.  15  micron  filter  of  standard  vehicle). 


4.0  TEST  PROCEDURE 


Vehicle  temperatures  were  automatically  measured  and  recorded  at 
one  minute  intervals.  Measurement  of  starting  data  was  initiated 
manually  whenever  required;  the  data  consisted  of  engine  speed, 
starting  current  and  starting  voltage  taken  over  a  20  second  span. 


Tests  on  the  starting  ability  of  cold  soaked  vehicles  were 
conducted  with  both  the  test  vehicle  and  the  control  vehicle.  Cold 
soaked  was  defined  as  a  condition  where  all  vehicle  temperatures  were 
within  a  range  of  4°C.  Cold  soak  temperature  is  the  average  engine 
temperature  of  a  cold  soaked  vehicle.  Cranking  periods  were  limited  to 
15  seconds.  A  maximum  of  five  starting  attempts  were  made  after  which 
a  no-start  was  declared.  The  maximum  of  five,  15  second  cranking 
periods  is  advocated  in  the  Canadian  Supplement  of  the  Ml  13  Operator's 
Manual  [7]. 


Swingfire  heaters  were  applied  once  a  no-start  was  identified  and 
were  used  to  preheat  cold  soaked  vehicles  to  temperatures  at  which 
starting  would  be  possible.  On  the  test  vehicle,  the  first  heater 
started  was  inserted  into  the  mixing  pipe,  then  the  second  heater  was 
started  and  inserted  into  the  turboheater.  Once  a  vehicle  started 
successfully,  the  heaters  were  switched  off  and  removed.  Vehicle 
warmup  procedures  ensued  in  accordance  with  those  outlined  in  the  Ml  1 3 
Operating  Manual  [8].  When  the  coolant  temperature  (measured  at  the 
thermostat  housing)  reached  60°C  the  engine  was  shut  off  and  allowed  to 
return  to  a  cold  soak  state. 
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To  decrease  cranking  resistance  and  thereby  improve  starting 
ability,  the  Arctic  clutch  was  utilized  during  all  starting  tests.  Use 
of  the  Arctic  clutch  is  recommended  by  the  CF  for  starting  in  the 


temperature  range  of  4°C  to  ~32°C  [8].  In  addition,  engine  fan  belts 
were  removed  to  simulate  having  a  thermostatically  controlled  cooling 
fan  on  the  vehicle.  (The  concept  of  using  a  controlled  cooling  fan  on 
the  Ml  1 3  had  been  approved,  but  appropriate  hardware  was  unavailable  at 
the  commencement  of  testing.)  The  major  benefit  of  controlling  cooling 
fan  operation  while  the  vehicle  is  deployed  in  cold  regions  is  a 
reduction  in  the  cooling  effect  on  the  engine  and  a  resultant  increase 
in  engine  operating  temperatures.  In  these  tests,  removal  of  the  fan 
belts  served  to  decrease  the  time  required  to  reach  60°C  during  engine 
warm-up. 

The  specific  gravity  of  the  electrolyte  in  vehicle  batteries  was 


checked  daily  and  whenever  the  temperature  compensated  value  dropped 
below  1.25,  the  batteries  were  replaced,  as  recommended  in  the  vehicle 
operators  manual  [8]. 


5.0  RESULTS  AND  DISCUSSION 


Table  1  lists  the  type  of  heating  tests  conducted  on  both  the 
test  vehicle  and  the  control  vehicle.  Those  tests  in  which  the  vehicle 
started  without  being  heated  are  not  included  in  the  table.  The 
Swingfire  heaters  were  used  to  heat  the  test  vehicle  on  seven 
occasions.  On  four  of  those  occasions  (Test  No.  3.  5,  6  and  7)  ambient 
temperature  conditions  were  warm  enough  that  heating  was  not  necessary 
to  enable  starting,  but  heating  was  carried  out  nevertheless  in  order 
to  gather  information  on  the  effect  of  the  heaters  on  vehicle 
temperatures.  To  enable  starting  on  the  control  vehicle,  the  hot  air 
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blower  was  needed  only  three  times. 

Table  2  provides  startability  data  for  an  Ml  13  vehicle  as  a 
function  of  cold  soak  temperature.  Table  3  displays  temperature 
increases  produced  during  the  initial  fifteen  minute  segment  in  each  of 
the  four  heating  tests  with  the  mixing  pipe/turboheater  combination. 
Table  4  displays  the  temperatures  to  which  the  test  vehicle  was  heated 
before  starting  was  possible. 

Figures  12  and  13  display  the  effect  of  preheating  with  the 
mixing  pipe/turboheater  combination  on  engine  and  crew  compartment 
temperatures.  Figure  14  shows  the  effect  of  the  hot  air  blower  on 
vehicle  temperatures.  Starting  data  curves  for  unsuccessful  as  well  as 
a  successful  start  attempt  are  shown  in  Figures  15*17. 

In  Annex  C  a  complete  record  of  the  temperature  and  starting  data 
recorded  from  the  test  vehicle  is  provided.  Annex  D  contains  the  data 
for  the  control  vehicle. 

5 . 1  Heater  Performance 


Very  little  comment  about  the  results  obtained  in  these  tests  can 
be  made  without  first  discussing  the  performance  of  the  Swingfire 
heaters.  These  heaters  exhibited  severe  reliability  problems 
throughout  the  test  period  as  revealed  in  Table  1 .  They  malfunctioned 
during  six  of  the  seven  heating  tests  conducted.  To  minimize  the 
effect  of  a  heater  malfunction  on  vehicle  temperatures,  heaters  were 
restarted  as  soon  after  a  heater  shutdown  as  possible.  Monitoring  and 
restarting  of  heaters  became  a  full-time  endeavour  as,  during  some 
tests,  both  heaters  shut  down  several  times.  On  occasion  a  heater 
remained  shut  down  for  several  minutes. 
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The  Swingfire  heaters  also  required  frequent  fine  tuning  of  the 
fuel  regulator  knob  which  adjusted  the  fuel/air  ratio.  Typically, 
after  approximately  ten  minutes  of  operation,  the  heater  would  start 
to  run  rough  and  would  require  adjustment.  During  some  tests 
re-adjustment  was  performed  frequently,  but  this  appeared  to  increase 
heater  operating  time  only  slightly. 

The  foremost  objective  of  these  tests  was  to  determine  the 
practicality  of  the  concept  of  heating  with  hot  air  and  exhaust,  while 
determination  of  the  applicability  of  the  Swingfire  heaters  was  of 
secondary  importance.  Therefore  when,  prior  to  commencement  of  tests, 
the  heaters  began  to  exhibit  cold  starting  problems,  the  decision  was 
made  to  store  them  indoors  at  warm  temperatures.  In  each  test 
thereafter,  Swingfire  heaters  were  started  indoors  and  were  carried  out 
to  the  vehicles  and  inserted  into  the  heat  exchangers.  In  spite  of 
those  precautions,  heater  starting  was  difficult  and  occasionally 
resulted  in  a  delay  of  several  minutes  from  the  time  that  the  first 
heater  was  installed  in  the  mixing  pipe  and  the  time  that  the  second 
was  installed  in  the  turboheater. 

Pulse  combustion  heaters  tend  to  be  very  noisy  and  Swingfire 
heaters  are  certainly  no  exception.  Noise  levels  were  not  measured  but 
ear  protection  is  recommended  while  operating  the  heater  within  the 
confines  of  the  personnel  compartment.  Once  installed  in  a  heat 
exchanger,  the  noise  level  was  reduced  substantially,  particularly  in 
the  case  of  the  turboheater. 

A  potentially  serious  problem  exhibited  by  the  heaters  was  the 
leaking  of  gasoline  out  the  end  of  the  combustion  pipe.  On  a  few 
occasions,  this  resulted  in  flames  shooting  out  the  end  of  the 
combustion  pipe  during  start-up.  This  alone  may  be  considered  serious 
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enough  to  warrant  disqualification  of  the  Swingfire  as  a  candidate  for 
use  on  a  vehicle. 

5 .2  Startability  of  Cold  Soaked  Vehicles 

It  was  found  during  testing  that  all  the  vehicles  on  which 
starting  tests  were  performed  had  identical  low  temperature  starting 
abilities.  Table  2  reveals  the  reduction  in  startability  as 
temperature  drops.  Starting  ability  decreases  with  temperature  until  a 
cold  soak  temperature  of  -12°C  is  reached;  below  this  temperature 
starting  becomes  impossible.  It  was  also  noted  that  successful 
starting  only  occurred  at  cranking  speeds  greater  than  120  rpm.  The 
startability  that  the  Ml  13  vehicles  exhibited  during  these  tests  is 
examined  in  greater  detail  in  Reference  9.  The  effect  of  temperature 
on  current,  voltage  and  cranking  speed  is  also  discussed.  For 
instance,  it  was  found  that  the  current  draw  and  voltage  drop  increased 
at  lower  temperatures  while  cranking  speed  was  reduced.  At  a  cold  soak 
temperature  of  -17°C,  the  draw  on  the  vehicle  batteries  was  so  severe 
that  cranking  characteristics  began  to  deteriorate  within  seconds.  On 
the  other  hand,  at  -12°C  and  above,  cranking  characteristics  were 
consistent  throughout  all  five  15  second  cranking  periods.  At 
temperatures  above  -1 °C  the  engine  cranked  at  high  speeds  (eg.  180  rpm) 
and  started  after  only  a  few  seconds. 

5.3  Vehicle  Preheating 

An  analysis  of  the  effect  that  preheating  with  hot  air  had  on 
vehicle  temperatures  was  difficult  to  perform  because  of  the  poor 
reliability  of  the  Swingfire  heaters.  There  was  only  one  test  in  which 
the  heaters  operated  without  malfunctioning  for  significantly  more  than 
fifteen  minutes.  Therefore,  a  study  of  the  variations  in  vehicle 
temperatures  must  be  limited  to  short  heating  periods  or  must  be  based 
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solely  on  data  from  one  test.  During  that  test,  70  minutes  of 
preheating  were  performed  without  any  heater  malfunctions. 

Figure  12  displays  the  engine  temperatures  recorded  in  the 
70  minute  heating  period.  The  greatest  temperature  rise  occurred  in 
the  oil  because  the  mixing  pipe  exhausted  directly  onto  the  oil  pan. 
The  air  temperatures  in  the  engine  compartment  (thermocouples  7,  8  and 
9)  increased  substantially  and  remained  within  a  few  degrees  of  each 
other  throughout  the  heating  period.  Coolant  at  the  right  rear 
cylinder  head  was  10°C  warmer  than  coolant  at  the  thermostat  housing. 
Both  the  right  rear  cylinder  head  and  the  fuel  inlet  appear  to  receive 
considerable  heat  from  the  turboheater  exhaust. 


I 
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Immediately  following  shut-down  of  the  heaters,  front  and  rear 
engine  compartment  temperatures  dropped  dramatically  while  oil,  fuel 
and  coolant  temperatures  decreased  at  a  much  lower  rate. 

Figure  13  displays  the  temperature  variations  in  the  crew 
compartment  brought  about  through  the  use  of  the  turboheater.  The 
temperature  of  the  turboheater  output  increased  quickly  and  then 
stabilized  near  100°C.  Air  in  the  battery  box  showed  the  most 
substantial  temperature  rise  due  to  the  fact  that  turboheater  output 
was  directed  at  the  batteries.  The  temperature  within  the  battery  also 
rose  significantly  but  dropped  abruptly  when  the  turboheater  was  shut 
down.  The  bulk  temperature  of  the  electrolyte  in  a  battery  cannot 
actually  change  as  quickly  as  the  curve  in  Figure  13  suggests; 
therefore,  it  is  apparent  that  the  installed  thermocouple  did  not 
provide  a  true  value  of  the  average  internal  battery  temperature. 
However,  by  the  end  of  the  heating  curve  shown  in  Figure  13  battery 
temperature  had  levelled  off  at  approximately  14°C.  The  fact  that  it 
did  so  suggests  that  temperatures  throughout  the  battery  had  reached  an 
equilibrium  and  that  14°C  was  a  more  accurate  indication  of  battery 

UNCLASSIFIED 


IS: 


UNCLASSIFIED 


/1 5 


temperature  than  the  42°C  reading  recorded  at  the  time  the  turboheater 
was  shut  down.  The  air  temperature  increased  much  more  in  the  rear  of 
the  crew  compartment  than  in  the  front  because  the  turboheater  outlet 
was  in  the  rear.  Soon  after  shutdown,  front  and  rear  converged  at 
-2°C,  which  corresponds  to  an  increase  of  about  8°C. 

Test  No.  1  in  Table  3  shows  mixing  pipe/turboheater  data  from 
1b  minutes  of  preheating  on  a  vehicle  initially  at  a  cold  soak 
temperature  of  -12°C.  Test  No.  2  displays  data  gathered  on  the  coldest 
day  during  the  Swingfire  test  period.  In  this  test,  the  initial  cold 
soak  temperature  was  -16°C  and  a  total  heating  period  of  43  minutes  was 
required  to  enable  starting.  These  two  examples  show  very  close 
correlation  between  the  temperature  increases  produced  at  corresponding 
vehicle  locations. 

Tests  3  and  4  in  Table  3  also  show  a  close  correlation  between 
one  another  but  in  some  aspects  differ  markedly  from  tests  1  and  2.  In 
tests  3  and  4,  oil  pan  temperatures  were  lower  while  the  coolant  in  the 
right  rear  cylinder  head  was  warmer.  The  air  temperature  at  the  front 
of  the  engine  bay  was  considerably  lower  as  well.  These  differences 
occurred  as  a  result  of  vehicle  starting  attempts  performed  during  the 
fifteen  minute  preheating  period  in  tests  3  and  4.  Warm  oil  from  the 
sump  would  have  been  drawn  up  into  the  engine  and  replaced  by  cooler 
oil  from  the  engine.  The  coolant  in  the  right  rear  cylinder  head  was 
most  likely  displaced  by  warmer  coolant  circulated  from  the  area 
directly  beneath  the  turboheater  exhaust  outlet.  Engine  cranking 
caused  a  drop  in  engine  compartment  temperature  because  cold  air  was 
drawn  in  from  outside  the  vehicle.  Cranking  was  also  found  to  have  a 
significant  effect  on  vehicle  temperatures  during  preheating  tests 
performed  with  electric  heaters  [9]. 
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The  only  other  non-uniformity  between  the  temperature  rises 
produced  in  each  of  the  four  tests  was  the  high  battery  temperature 
achieved  during  test  4,  but  this  difference  was  likely  a  consequence  of 
a  slight  adjustment  of  the  flexible  ducting  on  the  turboheater  hot  air 
outlet. 


The  temperature  curve  in  Figure  14  reveals  that  there  is 
virtually  no  similarity  between  preheating  tests  conducted  on  the 
control  vehicle  (hot  air  blower)  and  those  conducted  on  the  test 
vehicle.  The  air  inlet,  the  only  vehicle  component  to  undergo  any 
temperature  rise,  showed  a  temperature  increase  of  85°C  in  just 
9  minutes  of  heating.  Immediately  after  the  engine  was  started,  the 
air  inlet  temperature  dropped  significantly  and  the  oil  and  coolant 
temperatures  began  to  rise. 


5.4  Starting  Heated  Vehicles 


A  frozen  starter  prevented  test  vehicle  starting  in  one  instance. 
None  of  the  other  vehicles  used  for  testing  had  difficulties  with 
frozen  starters.  The  large  amount  of  condensation  within  the  engine 
compartment  (droplets  of  water  covered  most  components)  that  occurred 
as  a  result  of  exhaust  gases  being  used  to  heat  the  engine  was  likely 
responsible  for  the  problem.  After  cold  soaking,  the  engine  was 
covered  in  frost.  To  prevent  this  from  occurring,  the  mixing  pipe 
should  not  be  employed  and  only  the  exhaust-free  hot  air  output  from 
the  turboheater  used  for  vehicle  heating. 


Table  4  displays  vehicle  temperatures  recorded  during  preheating 
of  the  test  vehicle.  The  temperatures  shown  are  those  that  existed 
just  prior  to  the  successful  start  as  well  as  those  existing  prior  to 
the  previous  unsuccessful  start  attempt.  A  maximum  of  five  start 
attempts  were  made  during  a  single  preheating  test.  Although 
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cold  soaked  vehicles  could  start  at  temperatures  as  low  as  -12°C,  much 
warmer  temperatures  had  to  be  attained  in  preheated  vehicles.  Starting 
was  unsuccessful  despite  the  fact  that  the  minimum  vehicle  temperatures 
recorded  at  the  time  of  each  of  the  three  unsuccessful  attempts  were 
-8°C,  -6°C  and  -3°C  respectively.  In  all  three  cases,  these  minimum 
temperatures  occurred  in  the  engine  block.  The  average  engine  block 
temperature  was  increased  to  0°C  in  two  of  the  tests  and  to  2°C  in  the 
third  before  the  engine  started.  The  other  vehicle  components  which 
have  a  significant  effect  on  startability  were  heated  to  warmer 
temperatures  as  revealed  by  Test  2  in  Table  4: 

-  fuel  inlet  =  8°C 

-  air  inlet  =  21 °C 

-  battery  electrolyte  =  17°C 

-  engine  oil  =  29°C 

The  temperatures  of  these  components  suggests  that  engine  block 
temperature  was  the  chief  factor  limiting  vehicle  startability. 

The  effect  of  preheating  on  engine  cranking  characteristics  is 
displayed  in  Figures  15~17.  Figure  15  presents  cranking  data  from  the 
initial  unsuccessful  starting  attempt  on  a  vehicle  cold  soaked  at 
-16°C.  Initially,  the  voltage  was  approximately  24V  (battery  voltage) 
but  dropped  as  soon  as  engine  cranking  commenced.  Cu.  rent  and  engine 
speed  rose  sharply  at  the  same  instant. 

Figure  16  shows  the  improvement  in  cranking  characteristics 
effected  by  27  minutes  of  heating  with  the  mixing  pipe/turboheater 
combination.  Current  draw  was  reduced  to  400A  from  600A,  voltage 
dropped  to  14.5V  as  opposed  to  12.5V,  and  the  engine  was  on  the  verge 
of  starting  due  to  an  increase  in  cranking  speed  from  90  rpm  to 
140  rpm.  The  rise  in  engine  speed  to  nearly  600  rpm  at  the  beginning 
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of  the  cranking  period  (caused  by  the  engine  firing  briefly)  is  a  clear 
indication  that  the  starting  attempt  was  almost  successful. 

Figure  17  shows  data  from  the  successful  start  which  occurred 
after  an  additional  16  minutes  of  heating.  Following  engine  starting, 
the  current  dropped  and  remained  well  below  zero,  thereby  indicating 
that  the  batteries  had  been  drained  substantially  by  the  numerous 
unsuccessful  start  attempts  and  were  being  recharged  at  a  high  rate. 

The  voltage  rose  to  approximately  28V  (regulator  voltage).  The  engine 
speed  fluctuated  rapidly  immediately  after  starting  but  began  to  level 
off  at  750-800  rpm  by  the  end  of  the  20  second  period  shown  in  the 
f igure. 

Large  fluctuations  in  engine  speed  were  caused  by  hunting  of  the 
governor.  As  cold  soak  temperatures  decreased,  governor  hunting  became 
more  likely  and  would  result  in  greater  engine  speed  fluctuations.  It 
would  also  continue  for  longer  periods  of  time. 

Although  not  discernable  from  these  figures,  a  preheated  engine 
would  run  rough  for  about  the  first  minute  after  it  was  started.  The 
CF  vehicle  technicians  on  hand  claimed  that  the  noise  and  vibration 
produced  were  a  result  of  some  cylinders  not  firing.  This  condition, 
which  was  likely  very  detrimental  to  the  engine,  was  caused  by  the  fact 
that  the  turboheater  exhaust  warmed  only  a  limited  area  of  the  engine 
block  while  other  areas  remained  at  much  lower  temperatures.  Within 
one  minute  of  starting,  all  cylinders  were  firing  and  the  engine  was 
running  smoothly,  thereby  suggesting  that  the  amount  of  heat  generated 
by  the  engine  during  this  period  was  sufficient  to  warm  the  remaining 
cylinders. 

Preheating  with  the  hot  air  blower  produced  results  that  were 
significantly  different  from  those  obtained  using  the  mixing 
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pipe/turboheater  combination.  The  hot  air  blower  enabled  starting 
after  a  much  shorter  period  of  heating,  even  though,  as  shown  in 
Figure  14,  all  vehicle  temperatures  except  the  air  inlet  were  below 
-12°C.  It  would  appear  therefore  that  application  of  the  hot  air 
blower  is  an  efficient  method  of  heating  a  cold  soaked  vehicle. 

However,  this  method  would  likely  encounter  problems  or  even  be 
completely  ineffective  at  lower  temperatures.  To  prevent  excessive 
engine  wear  during  starting  at  very  low  temperatures,  the  oil  and  the 
engine  block  should  not  be  allowed  to  remain  at  cold  soak  temperatures. 
There  are  severe  consequences  if  an  engine  is  started  and  operated 
while  the  oil  in  the  sump  is  in  a  highly  viscous,  gelled  state. 

There  were  two  tests  with  the  hot  air  blower  in  which  the  engine 
apparently  started  but  then  shut  down  immediately  upon  removal  of  the 
heater  duct  from  the  air  inlet.  This  reveals  that  even  after  having 
started,  the  engine  was  too  cold  to  run  on  its  own. 

5.5  Required  Heat  Input 

The  amount  of  heat  needed  to  enable  starting  can  only  be 
estimated  roughly  from  the  data  gathered  in  the  heating  tests.  In  the 
temperature  range  at  which  tests  were  conducted,  there  was  no 
requirement  for  battery  heating.  According- to  Reference  10,  as  long  as 
proper  winter  lubricants  are  used,  a  battery  at  -15°C  has  sufficient 
power  to  adequately  crank  an  Ml  13  engine.  In  the  Swingfire  heating 
tests,  therefore,  battery  temperature  was  not  the  cause  of  the  starting 
problems.  With  that  in  mind,  battery  heating  with  the  turboheater  was 
not  necessary  and  the  amount  of  heat  utilized  for  that  purpose  should 
not  be  included  in  the  calculation  of  the  total  amount  of  heat  used  to 
start  the  vehicle.  On  the  other  hand,  turboheater  exhaust,  since  it 
was  ducted  into  the  engine  compartment,  should  be  included.  That,  in 
addition  to  the  mixing  pipe  output  to  the  engine  compartment  brings  the 
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total  heat  input  to  the  engine  to  approximately  16  kW.  The  output  from 
the  hot  air  blower  was  about  9  kW. 

At  an  ambient  temperature  of  -13°C,  the  mixing  pipe/turboheater 
combination  was  applied  for  41  minutes  (total  energy  input  of  11  kWh), 
while  the  hot  air  blower  needed  only  9  minutes  (total  energy  input  of 
1.4  kWh)  to  enable  starting.  The  hot  air  blower  method  is  obviously 
much  more  efficient.  However,  there  is  a  limited  temperature  range 
over  which  it  will  be  effective.  The  mixing  pipe/turboheater  method, 
though  extremely  inefficient,  may  be  applicable  over  a  wider  range  of 
temperatures. 

To  be  acceptable,  a  preheating  system  must  possess  the  capability 
to  enable  vehicle  starting  under  the  worst  possible  ambient  condition 
which,  in  this  case,  was  considered  to  be  -40°C.  Due  to  the  ambient 
conditions  which  persisted  throughout  the  test  period,  preheating  tests 
could  only  be  conducted  at  cold  soak  temperatures  ranging  from  -12°C  to 
-16°C.  Extrapolation  of  the  data  from  this  range  to  -40°C  will  not 
produce  a  reliable  and  accurate  result,  but  the  effort  is  made  in  order 
to  acquire  a  very  rough  approximation. 

When  the  mixing  pipe/turboheater  method  is  applied,  starting  is 
limited  by  the  temperature  of  the  engine,  which,  as  determined  from  the 
data  presented  in  Table  4,  must  reach  an  average  temperature  of  0°C  to 
enable  starting.  Test  No.  2  in  Table  4  displays  data  from  the 
preheating  test  at  -16°C,  the  lowest  temperature  at  which  a  test  was 
conducted.  A  43  minute  heating  period,  or  11  kWh  heat  input,  was 
needed  to  increase  the  average  engine  temperature  by  16°C  and  thereby 
permit  vehicle  starting.  Assuming  that  engine  temperature  would 
continue  to  increase  linearly  with  time  as  it  did  in  Figure  13  and  that 
a  40°C  rise  would  be  sufficient  at  an  ambient  temperature  of  -40°C,  the 
heat  requirement  would  be  29  kWh  (110  minutes  of  heater  application). 
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The  Swingfire  heaters  never  once  operated  unremittingly  for  nearly  that 
long  a  period,  and  continuous  monitoring  and  restarting  of  heaters 
while  ambient  temperatures  are  at  -40°C  are  not  considered 
practical. 


6.0  CONCLUSIONS 

(1)  Both  of  the  hot  ai,  heating  systems  discussed  herein  (hot  air 
blower  and  mixing  pipe-turboheater  combination)  proved  capable  of 
enabling  H1 13  vehicle  starting  at  -16°C;  the  hot  air  bower  method  was 
much  more  efficient  and  required  a  much  shorter  heating  period. 

(2)  Without  a  vehicle  heating  system,  starting  was  not  possible  at 
temperatures  below  -12°C.  Neither  did  it  occur  when  the  engine  was 
cranked  at  less  than  120  rpm. 

(3)  The  test  results  suggest  that  preheating  at  much  lower 
temperatures  would  be  possible  using  the  mixing  pipe/turboheater 
combination.  The  hot  air  blower  on  the  other  hand,  appears  to  be 
limited  to  moderate  temperatures. 

(4)  The  large  amount  of  condensation  that  occurs  within  the  engine 
compartment  when  using  exhaust  gases  to  heat  the  engine  is  a 
significant  problem. 

(5)  The  Swingfire  heaters  were  very  unreliable.  In  addition,  the  use 
of  gasoline  for  fuel  would  cause  a  logistics  problem  on  a  diesel 
vehicle.  The  heaters  are  dangerous  since  they  leaked  fuel  and 
occasionally  shot  flames  out  the  end  of  the  combustion  pipe.  They 
exhibited  poor  cold  weather  starting  characteristics,  and  they  were 
also  very  noisy. 
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(6)  The  required  preheating  periods  using  the  mixing  pipe/turboheater 
combination  were  extremely  long  considering  that  the  vehicles  were  cold 
soaked  at  temperatures  which  were  only  slightly  below  the  start 
temperature  of  an  unheated  vehicle.  Substantially  more  time  would  be 

required  to  enable  starting  of  a  vehicle  cold  soaked  at  -40°C;  the  data 

obtained  in  these  tests  are  insufficient  to  determine  a  reliable 

estimate  or  even  whether  it  would  be  possible.  Further  testing  would 

be  required  to  determine  a  reliable  estimate  of  the  time  needed,  but 
due  to  the  number  of  shortcomings  of  this  heating  system,  additional 
work  is  not  recommended. 
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AMBIENT 

TEMPERATURE 


TYPE  OF  TEST 


COMMENTS 


TEST  VEHICLE 

1 

12°  C 

34  minute  preheat 
to  start 

numerous  heater 
malfunctions 

2 

16°C 

43  minute  preheat 
to  start 

numerous  heater 
malfunctions 

3 

8°C 

70  minute  preheat 

no -start  due  to 
frozen  starter 

4 

13°C 

41  minute  preheat 
to  start 

numerous  heater 
malfunctions 

5 

6°C 

191  minute  heating 
curve 

numerous  heater 
malfunctions  —  turboheater 
breakdown  —  used  for 
only  83  minutes 

6 

2°C 

195  minute  heating 
curve 

numerous  heater 
malfunctions 

7 

2°C 

131  minute  heating 
curve 

numerous  heater 
malfunctions 

CONTROL  VEHICLE 

1 

13°  C 

10  minute  preheat 
to  start 

data  measurement 
system  malfunction 

2 

13°C 

9  minute  preheat 
to  start 

3 

11°C 

3  minute  preheat 
to  start 

Table  1 :  TESTS  CONDUCTED  USING  HOT  AIR  HEATING  SYSTEMS 


UNCLASSIFIED 


V 


.1 


m 


I*. A*  .M.k* .V.*t>:kl,h».fc*  4«  >a«  m : 


o 

z 

Hi  2  - 
<  5  § 


<z  E 

2  g  | 

y  u  . 


_  U.  . _ . 

S  °  Q 

O  ui  [j 

cc  e>  uj 
Q.  5-  n 

5=  S  5) 

4  UJ 

> 

< 


UNCLASSIFIED 


c  cccccccccccc 

2  222222222222 

C'CC'C'C'C'C'C0*-000000000000 
co  co  <0  to  co  re  co  co  .c 

xi  k-^-*  co  w  i_  r"f“V)c/)w 
<o  co  co  co  co  co  co  cp  u,  ‘fnM'jco<-(ooo!sj(N'-'-r- 

OOOOOOOOlOi  t  I  I  I  I  I  I  I  I  I  I 

zzzzzzzz'z1  1  1  1  1  1  1  I  I  1  1  ' 

t  ttrtrrttrtrtrc 

2  222222222222 

CO  COCOCOCOCOCOCOcoc/jWCOCO 


OQOQOOO<iQOOQQQOOQQQ<^QQ 

MffirNC0'-CN>--viSCNCS99BNM5ul5iS'-®3) 


comcDin^rv^ONONMajcocMfooorofocoNr- 


I  l  I  I  I  I 


I  !  I  I  I  I  I  I  I  I  I  I  I 


JQ55J2^55°2^‘2^  00  00^°22,^°,;,’'1"COCN':r 


i  i  i  i  i  i  i 


i  i  i  i  i  i  i  i  i  i 


inoocjocoinLn^cNcocNoojoocnoor'CDm'd-fMCMr- 


I  I  l  I  l  I  I  I  I 


I  I  l  I  I  I  l  I  l  l 


jtfjOor'.in^Ln^;cN<NCNa5a)0)cncocop*m*j-rMCM.- 


I  I  I  I  I  I  I  I  l  I  I  I  l  I  I  I  l  l  I  l 


f52r'2?2't2^2CT>00°orv®r'(Dljn^cM'-'- 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


I  I  I 


£j2t$2^2J2£2^£iCJ,00  0O<Dr'00t,DrvOOCNI 

i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i 


SoSScSoSoSoScSoSoSoSoSssScScSSoScSSoS 

CNCNM'-'-’-N'-CNi-i-r-^rM^r-^CMNCMMr- 

oooooooooooooooooooooo 

ificor-r-or-^^oooinoocDcocncD'-coo’-cN'-^ 
OOOCSCOCNOOOOCMCMCNCNOCNOICNt-O*—  «-CN 


■  >■•'.  ••. •vs 


Table  2:  VEHICLE  STARTING  WITHOUT  HEATING 


Table  3:  EFFECT  OF  15  MINUTES  OF  HEATING  ON  VEHICLE  TEMPERATURRE 


EFFECT  OF  CRANKING  SPEED  AND  INTAKE  AIR  TEMPERATURE 
ON  COMPRESSION  TEMPERATURE  (Reference  3) 


TURBOHEATER  IN  OPERATION 


ENGINE  CREW 

COMPARTMENT  COMPARTMENT 
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HOT  AIR  HEATING  SYSTEM  SCHEMATIC 
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PHOTO  OF  MIXING  PIPE,  SWINGFIRE  HEATER  AND  TURBOHEATER 
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DURING  70  MINUTES  OF  PREHEATING 
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MPERATURES  DURING  70  MINUTES 
Soak  Temperature  -8°C) 


THERMOCOUPLE  TEMPERATURES 
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ANNEX  A 

DATA  SUMMARY 
M113A1  APC 
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DATA  SUMMARY 


M113A1  ARMOURED  PERSONNEL  CARRIER 


MANUFACTURER  .  FMC  Corporation  Ordnance  Division 

CAPACITY 

Crew  .  1  driver,  1  vehicle  commander  (fully  equipped) 

Passengers . 9  personnel  (fully  equipped) 

WEIGHT 

Combat  Loaded  Weight  .  10,930  kg 

DIMENSIONS 

Length  —  maximum,  overall .  4,860  mm 

Width  —  maximum,  overall  .  2,690  mm 

Height  —  maximum,  to  top  of  machine  gun  pintle .  2,200  mm 

Ground  Clearance  .  410  mm 

PERFORMANCE 

Maximum  Speed  Forward  . 69  km  /  h 

Maximum  Speed  Reverse  .  15  km/h 

Cruising  Range  (at  40  km/h  average  speed)  .  430  km 

Fuel  Consumption  (at  40  km/h  average  speed)  .  83  1/100  km 

ENGINE 

Manufacturer . Detroit  Diesel  Division  of  GMC 

Series  .  6V53 

Model  .  5063  -  5299 
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ENGINE  (Cont'd) 


Type  .  Two  cycle  diesel  compression  ignition 

Firing  Order  (viewed  from  front  of  engine)  .  1  L-3R-3L-2R-2L-1  R 

Bore  . 98  mm 

Stroke  .  114  mm 

Piston  Displacement . 5.2  u 

Compression  Ratio . 21.5  to  1 

Brake  Horsepower  .  157  kW  at  2800  rpm 

Maximum  Torque .  670  Nm  at  1300  rpm 

Governed  Speed  —  full  load .  2800  rpm 

—  no  load .  2925  -  3025  rpm 

Idle  Speed .  600  to  650  rpm 

Crankshaft  Rotation  (viewed  from  front  of  engine)  .  cw 

Valves  (4  exhaust  valves  per  cylinder)  .  overhead  rocker  arm 

Dry  Weight . 610  kg 

Normal  Operating  Temperature  .  77°  -  88°  C 

Cooling . liquid  cooled  w/fan  and  radiator 

Lubrication  . forced  feed 


ELECTRICAL  SYSTEM 

Voltage  .  24  volt  system 

Batteries  —  number  used  (BB  248/U) . 2 

—  voltage  .  12  V 

—  capacity .  100  amp  hour 

—  ground  terminal  .  negative 

Generator  w/ built-in  rectifier 

—  make . Leece  -  Neville 

—  model . 2184  AC 

—  capacity .  100  amp 

Regulator  —  make .  Leece- Neville 

-  type .  3392- R12P 

Starting  motor  —  make .  Delco  -  Remy 

-  model .  1113873 


H 
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FUEL  SYSTEM 

Fuel  Pump  —  make . GM 

—  type  —  positive  displacement . gear  type 

Fuel  Line  (restricted  fitting)  .  0.075  coded  R.075 

Fuel  Filters  (type)  .  cartridge 

Injectors  —  type  (limited  multi-fuel)  .  M50 

TRANSMISSION 

Manufacturer . Allison 

Model  .  TX 100-1 

Rating  —  maximum  input  torque  .  440  Nm 

—  maximum  input  speed  .  4000  rpm 

—  maximum  net  input  power  .  150  kW 

Maximum  Oil  Temperature . 150°  C 

Torque  Converter  Model  TC-350,  stall  torque  ratio . 3.1:1 

Transmission  Ratios 

—  1st  gear  .  3.81  : 1 

—  2nd  gear  .  1.94 : 1 

—  3rd  gear .  1.00: 1 

—  reverse  .  4.35 : 1 

CAPACITIES 


Engine  Oil  System  .  17  L 

Transmission  Oil  System .  15  L 

Differential  Oil  System  .  18  L 

Transfer  Gearcase .  2  L 

Final  Drive  .  1.4  L 

Ramp  Hydraulic  Sump  .  1.7  L 

Cooling  Fan  Gear  Box  .  0.3  L 

Fuel  Tank  .  360  L 

Cooling  System .  34  L 
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THERMOCOUPLE 

NUMBER 


UNCLASSIFIED 


MEDIUM 

MEASURED 


THERMOCOUPLE  LOCATION 


1 

Oil 

Oil  pan,  front 

2 

Oil 

Oil  pan,  rear 

3 

Coolant 

Thermostat  housing 

4 

Coolant 

Connector  pipe. 

Oil  cooler  to  engine  block 

5 

Coolant 

Engine  block,  right 

6 

Coolant 

Cylinder  head,  rear,  right 

7 

Air 

Engine  compartment,  front 

8 

Air 

Engine  compartment,  rear 

9 

Air 

Air  inlet  horn 

10 

Fuel 

Fuel  inlet 

11 

Electrolyte 

Battery,  forward 

12 

Air 

Battery  box 

13 

Air 

Crew  compartment,  front 

14 

Air 

Crew  compartment,  rear 

15 

Exhaust  Gas 

Mixing  pipe  outlet 

16 

Air 

Turboheater  output 

17 

Exhaust  Gas 

Turboheater  exhaust 

18 

Air 

Outside  of  vehicle 
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620  0  _  LINE22B5X5  •  ...  ...  o  c.rcFFM  P'’0 1  T  ]  i _ 

A  A  0 

600  000  START  VARIABLES 


A  AO  _ _ _ 

6 7 0  0  VEH' 

630  0  START..FILEi  <  3  > 

A  VO  0  — START.  SF  EC-'-*  3000-i - 

700  0  START ( 100021 
P  M  /  .  0  0  2  ,  DATE, TIME 

-7-1  Q_e - S-XARJ_U.EAR _ 

720  0  START-MONTH 

730  0  START-DAY 

740  0  START-HOUR - 

750  0  START_MI N 

760  0  3TART_SEC 

.770  0— K2 _ 

780  0  LINE24BM5) 

790 

800  000  ENGINE  -VARIABLES - - 

810 

820  0  ENG  INE  <  3 ) 

-830  0  -£NG  IN£-=F-I-L£  i<  84 - — - 

840 

850  0  ENGINE-MONTH' 

860  0  - ENG I-NE-=-DA-Y— - 

870  0  ENGINE-HOUR' 

880  0  ENGINE-MIN ' 

-890  _0 - EN  G-X-NE _ £E  C-l - 

900  0  LINE22B$<5) 

910 

-9  20-000  D  I  SP  LA  Y — 0 A R-l  A B L E-S - 

930 

940  0  D IS_ DEVICES!  1) 

-OTTER _ 


0  VEHICLE  INDEY 
0  S  r.M-:T  F  II."  NAME 

_  -  u  — GLU-X, — CHAUNC:.-*— GA-Xcl _ 

0  CURRENT,  VOLTAGE,  CURRENT,  F: 

- 0 _ S-XuR-I — liAIE— AU.Il I.I  MI _ 

0 

0 

- 1? - 

0 

0 

_ 0 _ END  EX _ 

0  SCREEN  POSIT ION,  BELL 


0  DATE  AND  TIME  ON/OFF 
J? E-H  G-I-  WE — F-I-L-E — MAUL - 


0 

-If - — - 

0 

0 

J4 - 

0  SCREEN  POSITION,  BELL 


0  DISPLAY  DEVICE,  SCREEN  OR  PL 


950  0  DIS.VEH'  g  VEHICLE  NUMBER 

960  0  DIS-TEMP (26)  0  DISPLAY  TEMPERATURES 

-980  -0  - LINE20BS  05  4 - 0 - SCR  FEN  POSIT  f  ON^— BEE-4 - 

990  0  LINE20Ct(5)  0  SCREEN  POSITION,  LINE  ERASE 

1000  0  CHAN'  0  DISPLAY  OUTPUT  CHANNEL 

-1040—0 - F-JRST.UfcilX - U _ UlOUXl  6  ti  U-LLOl  02 

1020  0  LAST-VEH'  ti  LAST  VEHICLE  TO  DISPLAY 

1030  0  L',  M'  0  INDICES 


UNCLASSIFIED 


B 


K 


UNCLASSIFIED 


/  B- 1 1 


1  0  4  0 

'i 

BIS-DI IKS'  1  ■ 

1  0  5  0 

0 

D  I S  _  F  I L  E  i  (  3  , 

i  0  a  0 

0 

ILS-DhIlI}!  1 

10  70 

0 

D  1  3  _  D  A  T  E  2  i  <  t 

—  1030 

0-  - 

D  [  S  _  D  A  •  E  3 1 1  1 

1090 

0 

CON INTUE  s  <  1  ; 

1 1  0  0 

0 

LINE-COUNT ' 

1110 

0 

DIS-COUPLE ' i 

1  1  2  0 

0 

L  A ST_ Y • 6  ■ 

1  130 

0 

LAST-X  ••  6  •• 

1 1  40 

0  - 

D  I  S_T;-1F 

1150 

0 

THERMOS ■ 

D  I  S  P  L  A  V 

1  160 

0 

PLOT-HATE 

l  170 

ft 

P  L  U  T  _  T  1  M  E 

1  1  3  0 

D IS .START  ■  10 

>  — 


q 

—  5._ 

@ 

0 

- ft- 


I? 

Q 

-O- 

0 

0 

-li'_ 


■J  \  L  P  L  A  Y 

-M  SI-1.  AY 
DISPLAY 
[i  .I  3  P  L  A  V 
4;M!: 

DISK  CONTINIJA 
LIME  COUNTER 


li  131,  D-\.Vh 


START  D A  r E  -.Ml 
S  f Ui-  DATE  AMD 


ION 


—THE  RfiG-C-OUPR-t 
LAST  Y  VALUE 
LAST  X  VALUE 


-TO— A- 
:'L07  P 


-  TEMPURA  RX 
NUHRER  OF 


FLO  r 
ItARlABi— 


•  iPL 

;i 
■  l 


THERPtrCOL'I  I. 


"J  L> 


lis-Enc-ine 


0 

P 

:■> 
I  j 


-DAIE-IN-UAXS _ _ _ 

TIME  IN  SECONDS 
START  DATA  fO  DISPLAY 


.  .E  N  G I  N.E _ Q  N  Z.Q  Ei_ 


.1 F 


l  200 
-1210 


ij  Q  £  Q  0  £  0  Q  Q  3  iZ  3  0  G  Q  C?  £'  00Ui2Q{DQQ££i-GG0i20lJ00{£  *3  £*  O'  *  j  ft  u*  \  j  u*  r>  \i  ft  ft  ft  ft  ft  ft  ft  >i  fa  >  >  ft  ft 


0  0  0  Q  |V  (?  P  0  i?  j 

.1220  00  e 

1230- SGS-  -  V  A  R  I A  2  L  E _ Dirt  £.0  SIGNING-  AND— IN  I-LLi'iLI  2.AX1  QM _ 

12  4  0  0  0  0 

1250  0  0  0 0 0 0  0  0  0  0  0  0  A  A  If  20  0000  0  0000000 0  00000 0 0  p 0  0  0000 1?  2  0  0  0  0  p  I?  0  0  0  0  0  0  Vi 000 

0000000002 - - - 

1260 

1270  000  MAINLINE  /  GLOBAL  VARIABLES 

-1290 _ 


1290  IF  RESTART' 
E  VARIABLES 


1  GOTO  317 1 


1200 

1310 


1 


10,' 


1230 
1340 
1250 
1360 
13  70 
1380 
-1390 
1400 
1410 
1420 
1430 
1  440 


DISK-SIZE  =-303000  — 
ON-TEMP  =  200 

OFF-TEMP  =  -100 

ENGIME-QN2 — =— 0 - 

BYTE-COUNT  =  0 
A  U  T  0  _  V  E  H  '  -=  2 
TEMP -PER'  -=-60 - 


IF  ABORTED  DON  r  RE  IN  l  T  I  AL  IZ 
~B 1 SK — CQNXAIN  £—30:41-- A  Y  T  X, - 


-EHHINE  -L3...QFX 


0 

-6- 


COMPRESS-TEMP  = 
RESTART'  =  1 


1 


AUTO  START  VEHICLE 

-T-IHE— IN-SEOONOS - 

DEGREES  CELCIUS 


NUMBER 


DIM  LINE21BS 15) 

DIM  LINE21CM5) 

LINE21  BSX-l-X— =— CHRS  <  27  ) 
L I N  E  2 1  B  i  (  2  )  =  C  H  R  t  (  6 1  ) 
L I N E 2 1 B $ i 3  '  =  CHR$(52) 
.1-4 5 0  —LIN £2 1 B 2 .1 4  )  -  r.HRSt.ir 
1460  L I N £ 2 1 B $ ( 5  >  =  CHR$  < 7 > 
LINE21CI  =  LINE21BI 


-ESCAPE- 


0 

JL. 


POU  21 
-COLUMN- 


31 

_±—12_ 


1470 
4  480 
1490 
1500 
1510 
1520 
1530 
4  54  0- 


LINE21GM5  v — =— GHRt  *  16  24 - - - 


BELL 

-Li-NE-ERASE- 


DISK*  =  1 
D I  SKA  1 — — 

DISKB'  = 

DIM  NEW. DISK 4 (  1  ) 


-0 

0 


0 

-8- 

0 


START 

-DicXUG- 


WITH  DRIVE  'B' 
—LA  .'—It  IOA&ULO - 


DRIVE  ' B '  DISABLED 


1550 

1560 

15ZlL 


000  TEMPERATURE  VARIABLES 


ILLM — M-LMLLS _ CQEE£_i 


JL. 


typt  t  t h f r.1  m n p n 1 1 p  i  rc 


1580  DIM  P L U S _ C 0 E F F ( 5 ) 
R 


0  TWO  SETS  OF  COEFFICIENTS  FO 

UNCLASSIFIED 


•■I 


3 


3 

V 

V 


•'4 


; 


.X 


J 


5n 


UNCLASSIFIED 


1  5  ?  o 
1600 
1610 
1620 
1630- 
16-10 
1650 
1660 
1670 
1  6S0 
169.0 
1700 
HICLE 
1710 
ER 

17  20 
NEL  .. 
1730 
17  4  0 


M I NUS-COEFF •  1  ; 
MINUS-COEFF <  2  > 
MINUS_C0EFF(2> 
MINUS-COEFF ( 4  ) 
MINUS-C0EF-E.T.5.)- 
F’LUS-CQEFF  ( 1  > 
PLUS-COEFF (2) 
PLUS-COEFF  <  3  >  - 
PLUS-COEFF ( 4 ) 
PLUS-COEFF ( 5 ) 


ArC-VE  AND  BELt'W 


6-333 7  IE- 2 - 

-2.937S8E-6 
-7 . 19458E  -1'.) 
=-U-uOA:LS.E^13_ 
) 

?  •  5  o  6 1 6 E  —  2 
-.6. 19-54  9E---7— 
1,2131 6E-  1 1 
-3.55009E-16 


DIM  VEHICLE  '  <4-2,24:' 


FOR  I  '  =  -1  -TO  15 - 


VEHICLE'!!*!,!')  = 


24  THERMOCOUPLES  MAX  PEP 


St: com M :  i  -  -i. 2  ■  r:- 


VEHICLE' <1,2,1') 
NEXT  I' 

FOR— 12 — = _ 16 — TO  -24  .. 

VEHICLE  '(1,1,1') 
VEHICLE '(1,2,1') 

NEXT  I  ' _ 

FOR  I'  =1  TO  6 

VEHICLE '<2,1,1") 

NEXT  I' 

FOR  I '  =  7  TO  20 


=  I  '  -  1 


10 

-II— 4-24 _ 


VEHICLE' (2*2,  I' )  = 


I860  NEXT 


1870  -VEHICLE  M-S—l  r  1  -) - 

1830  VEHICLE' <3,2, 1  )  =  1  4 

1890  FOR  1=2  TO  16 

190  0  - VERICL£-U3,4-*_U-=J-2 - 

1910  VEHICLE' <3,2. I ) = 1+14 
1920  NEXT  I 

1930  VEHICLE-'-!  3, 1  *-t-7  >  =  14 

1940  VEHICLE' (3,2, 17) -0 

1950  FOR  I'  =  1  TO  3 
-I960  --  — VEHICLE-'— (-4-,-l_,..I_Ll .  =  1 
1970  VEHICLE  '  <4,2,  I  ' )  =  I 

1930  NEXT  I' 

1990  - — - 

2000  DIM  TEMP. FILE* ( 7  ) 

ST 

-2G10--TEM  P^-F-I-L-E-4 — - 
2020 

2030  DIM  COUPLES' 

—VEHICLE - 

2040  COUPLES' (1) 

2050  COUPLES' (2) 

-2060  -COUFlLES-LX  31 — 

2070  COUPLES ' ! 4 ) 

2080  COUPLES' (5) 


i?  FIRST  CHARACTER  IS  DISK,  LA 


<?  NUMBER  OF  THERMOCOUPLES  PER 


DIM  NEU.TEMP (4,24) 
DIM  OLD -TEMP (4, 24) 


UNCLASSIFIED 


2170 

2-1S0 

2190 

2200 

2210 


DIM  L  I N  E  2  3  B  5  t  5  * - 

LINE23B5  < 1 )  =  tHR$<27> 
LINE22B$(2>  =  C  H  R  3  ( l  ■ 
L I  NF.23E3  1  3  J— a-CHPiS-CS  4 : 
L INE23B5  (  4  )  =  CHRS132' 
L1NE22B* ( 5 )  =  ChR$<7> 


E ;  w  -I  i-’  E 

EjjIjmL  SIC- II 

C  i  + 

BELL 


0(?0  START  VARIABLE: 


2230 
2  24  0 
2250 
2250 
2270 

i  'i  p ,-) 

2290 

2300 

2310 

VEH 

2320 

2330 

2340 

2350 

2360 

2370 

2380 

2390 

2400 


-DIM-START-1 100024 - - 

MM  START.SPEC  '  (  3000  > 

FOR  I  =  1  TO  3000  STEP 
s  r  A  R  r  _  S  R  E  C  '  1  I  '  )  -  5 
NEXT  L' 


_L'If1_S  LAE  T_JCi  L 
S TAR T.FILEt  = 
ICLE 


FIRST  CHAR  I 


DIM  LINE24B*<5) 

LINE24B$( 1 )  =  CURS (27) 

_L  I  N£2  4  B  3(2)  =  C  HRSi  41  2 _ 

LINE246*  <  3 )  =  C H R  3(52 ) 
LINE24B3 ( 4 )  =  CHR*<32) 

L  I NE24B*  <  54 — =— C-HRS  (  74 - 


ESCAPE 
equal  sign 
RGJ  24  +  31 
COLUMN  1  +  3 
BEU, — - - 


000  ENGINE  VARIABLES 


DIM  ENGINE (3) 


1  -  ON/  0  -  OFF,  DA!  E »  TI  Ml 


DIM  ENGI NE-F-ILE 3-1 
ENGINE-FILE*  =  ' 


J ENGINE' 


0  FIRST  CHAR  IS  DISK  DRIVE 


f  -DIM_LINE22B$JL50 _ 

i  LINE22B$(1 )  =  CHR*(27) 

'  LINE22B3<2)  =  CHRt ( 61 ) 
l  LINE22B3( 3)  =-GMR*< S3) 
i  L INE22B* ( 4 )  =  CHR$(32> 

»  LINE22B*<5)  =  CHR3(7) 


ESCAPE 
EQUAL  SIGN 

-RGU— 2-2 — + — 34 - 

COLUMN  1+31 
BELL 


2540  000  DISPLAY  VARIABLES 
2550 

2560  DIM--L  ING20B*  1-5  ) - 

2570  DIM  L INE20C* ( 5 ) 

2580  L INE2QB* ( 1 )  =  CHR*(27) 


ESCAPE 


2600  LINE20B* ( 3 )  =  CHR*(51) 
2610  LINE20B*<4>  =  CHR4(37‘* 

2620  -L  INE2-0BS  C54 — = — CHR4-1-74 _ 

2630  LINE20C*  =  LINE20B* 

2640  L I NE20C* ( 5 )  =  CHR$(162) 


ROW  20+31 
COLUMN  1  +  31 


0  LINE  ERASE 


2660  DIM  DIS_TEMP ( 26 ) 
2680  DIM  DIS-DEVICE*(1) 

2690  DIM  -D  IS=-DI-3K*-L44 - 

2700  DIM  BIS_FILE*<3> 
2710  DIM  DIS_DATE1*< 12) 


2730  DIM  DIS-DATE3* ' 12) 
2740  DIM  CONTINUE*!!) 


UNCLASSIFIED 


#■  »  *»  _*  ^  ^  «■  ■"  V*  'l",  *T.  “  «  ^  II  •  <  "  at  w  • 

.  >  -  -  JV  > 

-  M  *  m 


"A-  *-•*  -'*  V  V  / 


UNCLASSIFIED  /B-14 

275o  mm  ;ii •  >■  > 

2760  DIM  L  A  3  T  _  Y  <  ■■  >  >  -  -  - - - - 

2761  DIM  LAST-X ( 6 ) 

2770  DIM  D  I  S  _  S  T  A P  T  ; 1 0 C  ( ■  2 ) 

-2790-  D iM-MS_-FN4)  Ur  i  3  V - 

2790 

2000  (?  0 0  I?  0  (3  0  0  (?  0  0  0  0  P '' U  p  (;  f; (-•  i?  Q  >*  w Q  @  (3 1?  u  i.'  (3  p  g  9 1?  j  ii  ngggQg  g  g  ■}  5  •?  p  0  p  c<  p  Q  p  o  i;'  0  0  .  :j 

0000000000  -  .  _ _ 

3010  000 

3020  090  MAINLINE 

3020  -Geo - - - 

304  0  0GGeG006(?003(?G@l?i?i?G0G(*(?0PGG@i!l?i‘?«,4 1  -? 0  ? u p u i j p u u |« > > g  p (- g r.  ;■  ■  •  r*  <?  o o .juo u 
0000000000 

3050  -  -  -  -  . . .  .  -  _ _ _ . 

3100  PNT  174  0  Cl. LAP 

3130  PRINT  ‘COLD  WEATHER  STARTING  TRIALS  DATA  AC  A:.'  T  f  r  I  j. 1  Srj't"  f  " 

ARTEDJ— 3 _ 

3140  PTIME 
3150 

3  160 -00'? -THESE— VARIABLES- MUST-  DF  -  RE  IN  I  f  - -I  AL-I-.7E-0— l.rSOU  R  f.  T  AU-X - 

3170 

2171  PRIORITY  1  p  LOWEST  PRIORITY 

-3172  -DSKRE3ET _ _ _ _ _ 

3173  OPENU:  9  ,*HTO:i*  0  PRINTER  PORT 

3174 

3180  T  ASK— 2  *—6000* — 2 - 3 - TE MR E-R  ATURE— TA3R-*-- f-R-T-C-R  IT-4: - 


-0 - TEMPERATURE- 


3190  TASK  3  >  8000  *  2 

-iT-Y_2 _ 

3200  TASK  4 *  10000*  2 
TY  2 

-3210  TEMP  ..FLAG'  -=-0 - 

OFF 

3220  START-VEH'  =  0 

-3230  - 

3240  WAIT  1 
3250  G03UB  3550 

3260  - 

3270  INP  FI' 

3280  IF  FI'  <>  1  GOTO  3340 

-3290  -  -4NF— FC23 - 

3300  INP  F 3 ' 

3310  IF  F 2 '  <  64  GOTO  3340 

3320  - I-F— F-2-A — >—84— GOTO— 334-0- 

3330  GOTO  3380 

3340  PNT  7 


ENGINE  STARTING  TASK*  PRIOR 


ENGINE  ON/OFF  TASK*  PRIORI 


r  E-M  FTi-R  A  T  U  R  E— R  FCOR-W-4G- 


G  FUNCTION  KEY  INPUT 


3300  INP  F 3 ' 

3310  IF  F 2 '  <  64  GOTO  3340 

3320  - I-F— P-2-A — >—84— GOTO  —334-0 - 

3330  GOTO  3380 

3340  PNT  7 

-3350 - WAIT  .—I _ 

3360  GOTO  3250 

3370 

3380  (JN  (F2T— — 63-)-G08UB-3430t— &080^— 464-0^— 4400-.— 3&30 - 

3390  ON  ( F2 '  -  68)  G03UP  4270*  11000*  13000*  15000*  17000 
3400  GOTO  3270 

-3410-END _ 

3420 

3430  00000000000000P00000P000U0 00 UP 000000 00000000000 00000000000000 9 

GG 000000 0G - 

3440  000 

3450  000  STOP  OPERATION  SUBROUTINE 

_3A6O_2&0 _ _ 

3470  000000000000000000000000000000 0000000000 0000000000090000000 020 
0000000000 


UNCLASSIFIED 


/  ft 


* vv\irjirwylf . v^yr ir* >*  vr : 


B 


& 


UNCLASSIFIED 


3420 


/B- 1 5 


3490 

3500 

3510 


close: 

STOP 

END 


•  OP' P<  M- 


3520  eeeee@eet»eeeeeee(?0e0QOG9ee(?ei2i>3eee255eE-i>G»tf^'>v  ~PGe<?@<’'-!- 

3000000000 

3540  0@@  - - 

3550  000  MENU  SUBROUTINE 
3560  000 

— 3570 -egeseggBegosauoeeefeoeegeeaasgeeeegeaooaeaeggaaeaae&fcag&a^iiiaLii 

(30f9|3QQ0QQ|J 

3580 

3590  PNT  174  - iJ  -  -  C  L-E  A  R— SC  R  E-E-W _ 

3600  PRINT 
3610  PRIN'! 

_ 36  20.  PR  1  n I _2Li3.C2T_j_l£ QLIlJJ EAIH ES_£ TP.RT  1  till  ^RI.V  S* _ 

3630  PRINT 

3640  PRINT  TAB t 23>  •OPERATIONS  MENU* i  TAB! 41 ) »  PTJmL 

- 3o50  -P'R-IN  I - - - 

3660  PRINT  T  A  E'.  (  2  0  ^  *F1  -  STOP  OPERATION* 

3670  PRINT  T  A  B  (  2  0  )  ’F2  -•  CHANCE  DEFAULT  VALUED* 

_ 5630  PRINT  T  AB I  20  )  ‘FT  -  ENABLE  DISK  DRIVES _ •  DR  TV*7:  U 

byte  count:  ■;  byte.count;  •)• 

3690  PRINT  TAB  <  20 )  *F4  -  TURN  TEMPERATURES  ON'OFF  •  *  5 

-  3700 - 1 F—  T  E  M  Fw.  FLAG  - — =-  — 1 — THEN  -PRINT— 5-ON4— - 0Q.TI>— 17-20- 

3710  PRINT  ‘OFF)* 


l  NT 


-Disc?; 


3720  PRINT  T  AB  <  20 )  ‘F5 
-3730 - IF— S  TART-V  EH-' — s. 


-  TURN  AUTO  START  ON/OFF 
-AUTO-TJCHi- . IH&i-prai-ll— ,‘,QK  1  •. 


( 


JSLU 


PRINT  ’OFF)* 
PRINT  TAB ( 20  )  *F6  - 

PRINT  TAB  (20)—* P-7 - 

PRINT  T A B ( 2 0 )  *F8  - 

PRINT  T  AB ( 20  )  *F9  - 

PRINT  JAB  (200  J-F-10-- 


PRINT  LINE20C$J 


3740 
3750 
— -  3760 
3770 
3730 

_ 3790 

3800 
3810 

3820  RETURN 
3830  END 
3840 

- 3850- 

(3000000000 

3860  000 

3870  @00 - AUTOSTART 

3880  001? 


TURN  MANUAL  START  ON* 

-D  X  SPLAY— T£tMP-£RAT!.lR£-_TABfcrG4 


DISPLAY  TEMPERATURE  PLOTS* 
DISPLAY  START  PLOTS* 

-D I-S PI  AY  PURINE- HNYflF:-  TTHFR* 


ON/OFF  -SUBROUfJ-NE- 


3890  @@@@@@@@@@000000000000 00 @0800000000000 @00 @00000000000000 000000 

- 0000000004? - - - - — - - -  .  _ 

3900 

3910  0  SUBROUTINE  TURNS  AUTOSTART  ON  OR  OFF.  DATA  FOR  ENGINE  ST 

- ARTS - 

3920  0  PERFORMED  BY  THE  AUTOSTART  MECHANISM  WILL  BE  RECORDED  WHEN 
ON  . 

_ 3930 _ 


3940  IF  START.VEH'  =  0  GOTO  4040 

3950  IF  START.VEH'  =  AUTO-VEH'  GOTO  3990 

-3960 - P  R-I-H7 — L-I-N  E-34-B4J - 

3970  PRINT  *  **  AUTO-ON:  START  OPERATION  ALREADY  III  PROGRESS 

!*}  TAB ( 6 1 ) »  PTIME 


'* 

V! 


% 


a 


i 


9 


•A 


■a 


a 


v 

V 

V 

3 


3 


V 

V 

51 


a. 

<*. 

r. 

< 

V* 

V 

V 


UNCLASSIFIED 

>:  PTIME 

4010  -  _  ..  START-VEH '—-=-0 _ _ _ 

4020  GOTO  4070 

4030 

4040  -STAR-140 E4U-=-AUJ0-0EH2 _ 

4050  PRINT  LINE21B*; 

4060  PRINT  *  **  AUTO. ON.*  AUTOSTART  RECORDING  ON 1  •  TAP <  61)  i  PTIME 

4070  RETURN  — - - 

4080  END 
4090 

4110  000 

4120  000  TEMPERATURE  RECORDING  ON/OFF —SUBROUTINE _ 

4130  000 

4  140  0000000000300000000000000000000000  ?  00  0  C  3  M  0  ?  0  0  i  (;  000000  00  5  0  0  00  0  0 

0000000000  _ _ _ 

4150 

4160  IF  TEMP-FLAG'  l  GOTO  4220 

4170  TEMF'-FLAGl — =  1  - - - 

4130  ACTIVATE  2  PERIOD  TEMP.PER '  3  START  TEMPERATURE 

TASK 

4190  .  P Fcl N T _LI NE21B5  ? _ _ 

4200  PRINT  *  *#  TEMP..ON:  TEMPERATURE  RECORDING  TASK  STARTED  ‘  •  1 
A  B ( 6 1 ) }  PTIME 

42 10 -GOTO  -4250 - 

4220  PRINT  LINE21B*? 

4230  PRINT  *  **  TEMP-OFF!  TEMPERATURE  RECORDING  TASK  STOPPED*; 

■IAB.C.6I);  PTIME _ 

4240  TEMP-FLAG'  =  0 

4250  RETURN 

4260  END - — — - - - - - - 

4270 

4280  00000000000000000000000000000000000030000000000003000300000000 

0000000000 _ . _ 

4290  000 

4300  000  MANUAL  START  SUBROUTINE 

4310  000  - 

4320  @0000000000000000000000000000000000000000000003030300300000000 
@@@@(?(?(?(?(?(? 

4330- - - - 

4340  0  SUBROUTINE  TURNS  MANUAL  START  ON.  DATA  FOR  THE  NEXT  ENG  I 
NE  START  OF 

4350  0 - -T H E— S PEC-IF-IED— VEHIC L-E  IS  R  E-GOfrft&TU - 

4360 

4370  ON  ERROR  122r  4460 

4330 _ 

4390  IF  START-VEH'  =  0  GOTO  4430 
4400  PRINT  LINE21B*; 

4410 - P R-I N T— *-  **— M ANIJALS S T A R T— OP EPATION  -A L4EADY  IN  PROGRESS1  ‘4 — 


T  AB ( 6 1 ) »  PTIME 
4420  GOTO  4580 

4430 - F-R-LN  T  -  L I  NE  2  DCi4 - 

4440  INPUT  *  **  MANUAL:  ENTER  VEHICLE  NUMBER  FOR  MANUAL  START J 


*  START-VEH' 

4450  —  GOTO -4480 - 

4460  PNT  7 

4470  GOTO  4430 


IF  START-VEH'  >  4  GOTO  4540 
PRINT  LINE21BS; 


UNCLASSIFIED 


Xv'v'y-:- 


•»  ••  *.  *■ 


UNCLASSIFIED 

4510  PRINT  '  K;;  MANUAL:  MANUAL  S  TAP "  OPERATION 

0*  ;  TAB  <61  )  ;  FT  IMF. - - — - 

4520  ACTIVATE  3 

4530  GOTO  4580 

_454  0 - E.RIW.T_LINE21£s; - 

4550  PRINT  •  **  MANUAL:  ILLEGAL  VEHICLE  NUMBER!*?  IAB'61' 

f  PTIME 

4560  START  -  V  E  H  '  — =  0 - 

4570 

4580  OFF  ERROR 

-  .4590  R E.TURN _ _ _ _ _ _ 

4600  END 

4610 

4620  e0i#@e@@0e&§®ee80e@e08@i1tf©@eee880eG»6£4}G8«Gi-i«GQ(ie*AeeeQi!^&tf2u--&. 

0000060000 

4620  606 

4  6  4  0  000 _ DISK-INI  liT.LiZA  T I Ofi_SU£FlOLHJ.NE _ 

4650  000 

4  660  0000660000000000000060  0  0 1?  60000000006000  0  0  0  0  00000000000  0  0  6  Q  fc?  @  l  ? 

0000000006 - - - - 

4670 

4680  0  SUBROUTINE  SET  DISK  FLAG  10  I ND I LATE  DISK  IS  READY  FOR  USE. 

_ 4  6  9-0. _ - _ 

4700  ON  ERROR  122.  4730 
4710 

4720  -PRINT— LINE2-1C5T - 

4730  INPUT  *  **  DISK:  ENTER  DISK  DRIVE  (A/B):  *  NEU. DISKS 
4740  GOTO  4730 

4250 - FIN  I — 2 - 

4760  GOTO  4720 

4770 

— 4780  IF  - N E W _ D I S K » ~-=  -  *-A  --G G T 0 -4 9 3 0 - 

4790  IF  NEU_D ISMS  =  * P •  GOTO  4030 

4300  PRINT  LINE21BS i 

—  4810 _ PRINT-  *  IX-DISKJ - LU-EGAL — DI.SK— ItR I UEI -U — I&BX6. 1 IX.  P I IMF - 

4320  GOTO  5020 

4830  IF  DISKS  <>  * B *  GOTO  4880 

4840  . -IF— DtSKB-S— <.  >-  1  GGT0-4300 - 

4850  PRINT  LINE21B* ; 

4860  PRINT  ■  **  DISKS  DISK  DRIVE  ' F '  STILL  IN  USE!*;  T 

— AD  (61).  -F-T-IME - 

4870  GOTO  5020 

4330  DISK'D'  =  1 

-  4890  - PR-I  NT— L-I-NE21 Z<  *-> - 

4900  PRINT  *  **  DISK:  DISK  DRIVE  ' B '  READY* ;  TABUl):  PT 1 

ME 

- 4910 - GOTO— 502-0 - 

4920 

4930  IF  DISK*  <>  *A*  GOTO  4980 

— 4940  - IF— HI  SKA  '  -O  -  1— GOTO — 4-080 - - - 

4950  PRINT  LINE21D*; 

4960  PRINT  *  %  %  DISK!  DISK  DRIVE  'A'  STILL  IN  USE!*;  T 

_ AB(  6101  — E-I-IHE - 

4970  GOTO  5020 

4980  DISKA'  =  1 

- 4990 - pRiN-T-OiNECU-Bi-: - 

5000  PRINT  *  **  DISK:  DISK  DRIVE  'A'  READY *f  TAB (61)!  PTI 

ME 

min  _  __ _ _ 


5020  OFF  ERROR 

5030  RETURN  UNCLASSIFIED 


UNCLASSIFIED 


/B-18 


5  0  4  0  E  N  D 


5 C SO  0000  @@@@@@00000000  6  00@@@0@@@@0@@@  @080  0  6  0@@@@@0  0@@@@@@@  a  0(\'Q  ^  0  @  U 
0000000000 

-S07G-3BS _ 

5080  000  CHANGE  DEFAULT  VALUES  SUBROUTINE 
5090  000 

5100  06666666666  6666099960999909699699696099999996999990  9698  98Q-9999- 
0000000000 
5110 

5 120 -ON— ERROR  -122. -5430 - 

5130 

5140  PRINT  LINE21CS. 

5150  PRINT  *  **  CHANGE!  DISK  SIZE:  *  J  -  DISK-.SX7.E-l _ 

5160  INPUT  ‘  ?  '  DISK. .SIZE 

5170 

5180  _Q  N  _ E  R  FlQ R _ 2 0 5. j _ 5.4 3  0 _ 

5190  PRINT  LINE21CS* 

5200  PRINT  '  **  CHANGE:  ENGINE  ON  (  l  -  ON.  C  -  OFF)  :  "  :  ENGINE-ON' 


5210  INPUT  *  ?  *  ENGINE. 0 II ' 

5220 

.5220  .  0  N_  E  R  R  0 R _ 1 22 j _ 5.4.211 _ 

5240  PRINT  LINE21CJ. 

5250  PRINT  *  **  CHANGE?  AUTOSTART  ENGINE  ON  TEMPERATURE  \'i  ON_'Eil 
Ft 

5260  INPUT  ’  ?  ■  ON-TEMP 

5270 

.5230— £ivLNJ_LINE2  ICS  J _ 

5290  PRINT  *  **  CHANGE:  AUTOSTART  ENGINE  OFF  TEMPERATURE  !*;  OFF..T 

emp  ; 

5300  INPUT* - ? — ! — OF-SJTEMP - 

5310 

5320  ON  ERROR  205.  5430 

5330  JRIN I-L INE2JLC $J _ 

5340  PRINT  *  **  CHANGE:  PERIOD  BETWEEN  TEMPERATURE  READINGS :  *5  TE 
MP.PER'  ; 

5350  INPUT  * - -?• — — TEMP-_ PER  ' - - - 

5360 

5370  ON  ERROR  122.  5430 

5  3  3  0  -f  R I N  T — L-I-N  £-24  C-S  i- - 

5390  PRINT  *  **  CHANGE:  TEMPERATURE  DIFFERENTIAL  FOR  DATA  COMPRESS 
ion:  •;  COMPRESS-TEMP; 

5400  I NP-UT — 5 - ■?  ■*  -  COMPRESS^TE-MP - 

5410  GOTO  5430 


PRINT  *  **  CHANGE!  ILLEGAL  INPUT,  REENTER  VALUES!1 


5480  OFF  ERROR 
54  90— ACJ1.UAIE.  2-EERU3 
5500  RETURN 
5510  END 


0000000000 


6000  000  TEMPERATURE  RECORDING  TASK- 
6010  @00 

UNCLASSIFIED 


UNCLASSIFIED  /B 

6  020  0  0  G  5 0 0 @ 3 1? 9  Q &  £ Q ::4 ** »«  y  (?  y  G? !;•  0 0  00  0  000  0? * f :?  * '  0  0 0 0  0  t y  i:  y  y  y  o  y  a  j  i j  y -}(m p  y  ( 

(3  p  |3 13  |"3  ft  (j  1*3  ;3  i  j  ...... 

-19 

6030 

6040  IF  TEMP-FLAG’  =  0  THEN  SUSPEND  SELF 

6050  . - 

6060  0  INTIALIZE  VARIABLES 

6070 

A  u  3  0  fiflATF  T  F  MP  MONTH '  ?  IFMp.pAY'r  TFM1'  TrAT' 

6090  GTIME  TEMP-HOUR'.  TEMP-MI N ' »  TEMP.SEi; 

6100  COMPRESS  =  0 

62  40  NEU.TEflPvI'  »  J-  )  =  AIM(  VEH  tCl.E  '  <  I ' »  1*  J'  ) »  VEHICLE'd 

2  r  J' ) ,  9  ) 

6250 - NEXT— J  ' - 

6260  NEXT  I' 


FOR  I'  =  1  TO  4 

FOR  J'  =  1  TO  COUPLES '  <  I  '  ) 
IF  -VEHICLE '< I ' *  l»  J'>- 


»  J')  >14  THEN  CJ-NUM '  =  CJ-NUM'  +  1 
.  -1M  *  1FA  4-  r.l  l?FF<r.>  MUM '  \ _ _ 


IF  -VEHICLE '<  I '  *  If  J' C-GfmT-63-9-0 - 

CJ.NUM'  =  1 
GOTO  6440 

- IF—1 VEHICLEjUJT-.— 1»-  J'  1  <>  12— GOTO  64,20 _ 

CJ.NUM'  =  1 
GOTO  6440 

- IF— VEHICLE-'-4-I  -1 , — J^)  C^14-CQTQ-644A - 

CJ.NUM'  =  5 

IF  VEHICLE ' ( I ' f  2 r  J')  >  14  THEN  CJ-NUM'  =  CJ- 

- IMF— =— NEU-TEMFU ITj — LU  lE6-i.-CJ-REE-L£J_NUM  '  1 

LET  AA  =  -1 ,0E-6*<  CJ_REF(  CJ-NUM  '  )  ) 

IF  NEW_TEMP< I ' f J' )  >  A A  GOTO  6500 

- NEW P<  I . J s-y-=- PO T-M P-> — MI  N U S=€ 0 EEF<  D- 

GOTO  6520 

NEW-TEMF'  <  I  '  *  J')  =  POL Y  <  TMP »  PLUS-COEFF  ( 1 )  » 

—IF — 11 — O  2  -GQLQ—652D _ 

IF  J'  <>  3  GOTO  6520 

IF  NEU-TEMP (2.3)  >33.0  GOTO  6520 

PRINT?  9 


print:  9 

IF  COMPRESS  =  1  GOTO  6540 

UNCLASSIFIED 


*,•  %•  >  %■  *V  *.*  \“  ‘V*  "•A* «k.  •"*  ^ *  V« 


-v^lv;.-vv^: 


iii'irki'iiVtSik’kiViVi 


ft 


•21 


sg 


$ 

l 


a 


UNCLASSIFIED 


/B-20 


6530  IF  ABS  (  OLD  .TEriF  (  I »  J  '  )  -  NEW  ..TEMP '  I  '■.*'«  /  --  COMPPFS- 

MP  THEN  COMPRESS  --  1  __  - - _ - 

6540  NEXT  J ' 

6550  NEXT  I ' 

.6560 _ _  . . _ _ _ 

6570 

6380  IF  COMPRESS  -  0  GOTO  7220 

6590  -  - - 

6600  <?»(?  CHECK  DISK  SPACE*  IF  FULL  CHECK  OTHER  DISK 
6610 

-6620  IF  -BY-TE-C3UN T — * — C 0 U PLESL-t-S  )  — *- -4—-:-— a  £.  IlLSK  ST.-p  r-nn  ±2££i 


■ 

6630 

PRINT  LINE 

23  8 

'S  ! 

6640 

PRINT  *  #* 

TE 

M? 

to 

AIT  1 

„ 

— 

6650 

IF  D I 5 K $  < 

* 

A1 

r. 

6660 

DISKA ' 

=  0 

...  6670 _ 

_ G  0  T  0 _ 66  9,0 _ 

_ 

^VH 

6630 

DISKB' 

=  0 

6  6  90 

D  I S  K  *  =  * 

• 

DISK  *:  BISK*?  *  FULL 1  *  •  TAS»61?5 
GOTO  6680 


6700 - IF— DISK A' 


:,-l  -GOTO-6730 - 


6710 

DISK*  =  'A* 

6720 

GOTO  6800 

6720  _ 

.  .  IF  DISKB' 

6740 

DISK*  =  ’6 

6750 

GOTO  6800 

6760-  — 

-PRINT  LINE- 

6770 

PRINT  1  ** 

A  B  (  6  1  )  5 

PTIME 

_ ,6780 

WAIT  j 

6790 

GOTO  6700 

6800 

PRINT  LINE23B*? 

6810 

PRINT  -•  — **-TE-MP 

L— £0X0-67-6  D_ 


-DISK— DR  I > 


T  AB  <  6 1 ) ?  PTIME 

6820  BYTE_COUNT  =  0 

-6830  - ON  -ERROR — 212-«— -6£ 

6840  DSKRESET 

6350  OFF  ERROR 

6860  GOTO  6890 - 

6370  WAIT  ,5 

6880  GOTO  6840 


6840 

6350 

6860  Gl 

6970 

6880 

—6890  -  — 

6900  Fi 

6910 

6920  - 

6930 

6940 

— 69-50 - 

6960 

6970 

-6980  - - 

6990 

7000 

0  +  TEMP-BA 
7010 

TEMP-SEC' 

-7020  - 

7030 

7040 


FOR  I'  =  1  TO  4 

TEMF'_FIIE$<  1  )  =  DISK'S 

- TEMP-F-ILE*  <-?>-«  -SPR-H-X^ 

ON  ERROR  1 2 t  6970 

OPENA:  2  TEMP-FILE* 

- OFF— ERROR _ 

GOTO  7000 
WAIT  .5 

- —GOT  0-69-4-0 - 


OUT..  TEMP  (COUPLES'  (  I  '  )  H  )  =  TEHP_  YEAR  '*  10000+  TEMP -  MONTH '*10 
OUT -TEMP  (  COUPLES  '  (  I  '  )  +2  )  =  TEMP-HOUR'  '*  1 0000+  TEMP  _K  I N  '*  3  00  + 


U'  =  1  TO  COURLESR-CXR-) - 

OLD_TEMP ( I ' »  J')  =  NEW-TEMP ( I ' »  J') 
0(JT_TEMP  (  J  '  )  =  NEW-TEMP  <  I  '  t  J') 


ON  ERROR  46 *  7090 

SAVE  ARRAY!  2  OUT-TEMP ( 1)  »  COUPLES'<I'>  +  2 


UNCLASSIFIED 


.V.V.V.V  V 


-.-V./.v. 
'  v.v. 


*>  I  '  V  »  »  >  r  »L  *  _  *.  \  • 

-  *  %  •  *  »■  ”  **»*•••  '  *  ’  m  *  m 


‘  .  *  .  »  ,  *  .  *  v  .  *  *  *  ,  -  *  -  - 


■  .  •  -  *V.*V,V''V  -R  '  -  - 


*,  *.  N.  ». 

,*  /  .*  / 


COUPLES' (5/  *498 


UNCLASSIFIED 

7080  GOTO  7150 

7090  PRINT-  LINE23B4; _ _ _ 

7100  PRINT  1  **  TEnP:  GUT  OF  DISK  SPACE  Oft  DRIVE  •  i  DISK* 

i  ‘ !  !  *  >  TAB ( 6 1 ) »  PTIrtE 

-7110 - CLOSE  1  -  2 _ — _ _ _ _ _ 

7120  WAIT  1 

7130  OFF  ERROR 

7140  -  GOTO  -*650  — - - - — - 

7150  close:  2 

7160  OFF  ERROR 

-7170 _ NEXT -IT _ _ _ _ _ _ 

7180 

7190  BYTE-COUNT  =  BYTE. COUNT  COUPLES'  (5  >  *498 

7200  .  ...  _ _ 

7210  000  BISK  SPACE  WARNING  CHECK 

7220  IF  BYTE.COUNT  IHSK-SIZE  --  COUPLES' (5:  *  4  +  8  GOTO  7260 

.7230  _ PR  I NJ—L INE23B * j _ 

7240  PRINT  •  **  TZ.lPJ  NEW  DISK  REQUIRED  IN  DRIVE  *  i  DISK*;  T A £'•  ( 
6i)t  FT  I  ME 

.7250  - — .  . . . 

7260  @08  CHECK  AUTOSTART 

7270  IF  ENGINE-ON'  =  0  GOTO  7300 

-7230 _ I F—  N E W _  T£ M EliZZi.2 0_.  Z _D F F_ IE M P._ G 0  LC—7.2 2 2_ _ 

7232  ACTIVATE  <• 

7283  GOTO  7340 

7290  GOTO— 7340 - 

7300  IF  NEU-TENP ( 2  >  3 )  >  ON-TEMP  GOTO  7331 
7302  ACTIVATE  4 

—7-31 0 _ IF — START— VE.H-1-  1.  _AU  1 0  _  V  £  H '  GOTO  .7 340 _ 

7320  ACTIVATE  3 

7321  GOTO  7340 

-  7330  _ _ _ _ 

7331  AUTO-FLAG'  =  0 

7332  ENGINE-FLAG'  =  0 

-7340 -DISMISS - 

7350  GOTO  6040 
7360  END 

7370  -  - 

7380  0080eyp@e@eg@@eepeee9e8@i?8@eeee0pg(3@egeBf?e38t?i?ei»ei?rYocr’riGP(?e(?0e(s 

-7390-000 - 

8000  000  VEHICLE  STARTING  DATA  RECORDING  TASK 
8010  000 

-8020  0000000 @00 080800 088 888 QgilEij 0.8-9-g&g88ftg0£-888-ggg8B848.0  08  080  800088 
0000000000 
8030 

__ SQ-AG—8  80— INITIALIZE — V  AFU  AULES _ 

8050 

8060  VEH'  =  START-VEH'  0  START-VEH '  COULD  GE 

-T -RESET - 

8061  AUTO-FLAG'  =  1 

8070  IF  VEH'  =  AUTO.VEH'  GOTO  8190 

-8072 - IF— VEH GOTO— 814-0 - 

8074  IF  VEH ' =3  GOTO  3140 
8090  FOR  K'  =  2  TO  3000  STEP  12 

-8091 - STARTcSP-EC— <  (L-L)-ia - 

8092  START. SPEC' (K'  +  l  )  =  5 

8093  START-SPEC' (K'+3)=ll 


/B-21 


ON-TEMP  GOTO  7331 


YiUTO _  VFH  '  cm 


START-VEH'  COULD  GE 


UNCLASSIFIED 


/B-22 


i 

i 


I 

I 


? 


I 


8097 

START-SPEC  '  (K 

8098 

-START-SPEC 

8099 

NEXT  K' 

8100 

GOTO  8300 

-8110 

-FOR— K 1 — =  -2 — 1 0 

8111 

START-SPEC 

8112 

START-SPEC 

8113 

START-SPEC 

3114 

START-SPEC 

3115 

START-SPEC 

_ 311o _ 

START  37-917 

8117 

START-SPEC 

8119 

START-SPEC 

8119 

NEXT  K - 

8120 

GOTO  8300 

8140 

FOR  K'  =  2  TO 

-  .  8141 _ 

_ STARX-SF-EC. 

8142 

START-SPEC 

S  1  43 

START-SPEC 

8144 - 

-STAR.I.SESC 

8145 

START-SPEC 

8146 

START-SPEC 

814  7 

START  SPEC 

0143 

START-SPEC 

8149 

NEXT  K' 

'  +9>  =  i; 

<  ;wrl  0  1  =- 


'  <  K  '  +  9  )  = 

'  <  is  '  + 1 0  5  = 


3000  STEF 


12 


\  K  r  :  ••  - 

'  (  K  '  +  3  •  = 
_L.lK-6t  4 
' <  K ' +6 )  = 
'  (  K  '  +  7  )  = 
LLKUh£j  = 


' <K'+10)  =  0 


8130 
8190 
8200 
-821 Q_ 
8220 
8230 
8240 
8250 
8260 
3270 


-GOTO  -8300 
FOR  K' 


=  2  TO 
ST ART-SPEC  ' 
-SIART_SF£CC 
START-SPEC' 
START-SPEC  ' 
START-SPEC-* 
START-SPEC  ' 
START-SPEC' 
-ST  AF:T_SF:E££ 


3000  STEP 
’  (  K  '  )  =  0 
LOC.'-FlX-r-: 


12 


( K  '  +  3  )  = 
(  K  '  +4  )  = 


1 

0 

-<>- 


(K'+7)  = 
( N  '  +  9  )  = 
(!£'■+ 10) 


8280  NEXT  K' 

8290 

8300  GDATE  S T A R T_M 0 N T H S TART-=- DA V-'-t  -S-T-A R T _  Y E A R-7 
8310  GTIME  START-HOUR' t  START-MIN  '  »  S  T ART-SEC ' 
8326 

_ 8340— - 

8380 

8390  eet?  READ  DATA 

- 8400  - 


8420  FOR  K'  =  1  TO  10000  STEP  1000 

3430  SCAN  (START-SPEC' (1) f  1000,  .00155)  INTO  START(K') 

- - -8440 — NEXT — - 

8445  FOR  1=1  TO  9997  STEP  4 

8446  LET  ST  ART  <  I  )  =STAF:T  (  I )  *24000 

-8447 - L  E-T— STAR  T  <■  I  +4-4 = ST  A  R  T4-T4  l-+*3-r£ - 

8448  LET  STAR T ( I +2 ) =S T ART ( I +2 ) *2 4000 

8449  LET  START  ( I+3)=START  ( 1+3X187 .5 

_ 8450 _ NEXT — I - 

8460 

8470  START<  10001)  =  START-YEAR '  *10000  +  START-MONTH ' *100  +  START-DA 

- XJ. - 

8480  START< 10002)  =  START-HOUR ' *10000  +  START-MIN ' *100  +  START-SEC' 
8490 

. -3500  ggl?._DISK  .CHECK - 

85  10 

8520  IF  BYTE-COUNT  +  40008  <  DISK-SIZE  GOTO  8920 


UNCLASSIFIED 


. . »- w  wr 


RTS5fWS5re 


■ v/,w;  .v.v.  v  v 


£ 


l 


i 


[S 


V 


fc 


R 


I 


O  »J  *4  \J 

WAIT  1 


PRINT  LINE24B*? 
PRINT  "  START; 


UNCLASSIFIED 

OIoK  -— *  *  -DISKS.  T JL ,  •  — . — I AS~v 6-i  - 


/B-23 


I-t  .n(._ 


8550 
3560 
8570 
S  580 
8590 
3600 
8610 
3620 
8630 
S6  40 
S650 
8660 
S6  70 


IF  DISK*  <>  "  A '  GOTO  8530 

- BISKA  0 - 

GOTO  8590 

DISKS'  =  0 

DISK*  =  ’  *-  -  . . . 

IF  DISK A'  <>  1  GOTO  3630 
DISK*  -  " A ‘ 

-GGT0-S700. - 


IF  D  C  3 K  E  ' 

DISK*  = 

GOTO  0  70  0  -- 

PRINT  LI NF 2  »BT i 
r‘  R  I  N  T  ’  **  SlriF 

....  TAB  (  611 J.  FT  I  ME  . . 

S6e0  WAIT  30 

S6V0  GOTO  5 o 0 • 

_ 3700  .  PRINT— LINE24B 5 *  . 

8710  PRINT  ’  **  START: 

T  A  B  <  6 1  >  *  F'TIME 

_ 27-20 _ B  Y-T E-COLIN T-  -  0 

3730  ON  ERROR  212*  8770 
8740  DSKRESET 

8750  - OFF  ERROR - 

8760  GOTO  8820 

8770  WAIT  .5 

_ 378  0 _ G  Q  TQ._ 82.40 _ 


1  GOTO  8660 
B " 


PEW  DISK  REQUIRED  IMMEDIATELY  *  ‘ 


DISK  Dl:  10 E  '!  DISK** 


NOW  BEING  USED  * 


8790 
8800 

-  8810  000  WRITE  DATA 


TEMP_FILE*( 1  )  =  DISK* 


V 

8320 

START_FILE$< 1 )  = 

8830 

START_FILE*(8)  = 

_  8840 

.ON -ERROR- 12>_83aa 

< 

8850 

0PENA5  3  START 

i 

8860 

OFF  ERROR 

1 

8870 

GOTO  8910 -  - 

8880 

WAIT  .5 

8890 

GOTO  8350 

✓, 

__3900 

V 

8910 

ON  ERROR  46*  8940 

> 

8920 

SAVE  ARRAY 

START ( 1 ) *  10002 


-  8930  GOTO -8980 - - 

8940  FRINT  L  INE24B*  * 

8950  PRINT  *  #*  START! 


(IUT  OF  DISK  SPACE  ON  DRIVE  ’*  DISK*? 


_U — TA  B.L6U  j — PJ. I  MR- 
8960  WAIT  1 


8970  GOTO  8550 

8980  CLOSET -3 - 

8990 


9000  000  DISK  SPACE  WARNING  CHECK 
9010 - - - 


9020  BYTE_COUNT  =  BYTE-COUNT  +  40008 
9030  IF  BYTE-COUNT  <  DISK-SIZE  -  40003  GOTO  90 '0 
-9040 - PR  INT— L-£N£24B*-* - 


9050  PRINT  •  **  START! 
(61):  PTIME 

-.9060 - 


NEW  DISK  REQUIRED  IN  DRIVE  *}  DISK*}  TAB 


ft 


9070  IF  START-VEH'  <>  AUTO-VEH'  THEN  ST ART..VF  H '  =  0 
9080  SUSPEND  SELF 


UNCLASSIFIED 


UNCLASSIFIED 


9090  GOTO  8060 

9100  END  --  - 

9110 

9120  0  0  6  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  @  0  0  @  9  @  0  0  0  0  0  @  R  0  g  @  0'i  0 0 @  g  g  i-‘  g  i?  9  g  1 1  r 

ggggggggg  g - - — _ _ _ 

9130  ggg 

10000  000  ENGINE  ON /OFF  TASK 

10010  @00  -  - 

10020  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  @  0  0  @  @  @  0  0  0  0  0  0  0  @  0  0  0  0  0  0  0  0  0  0  0  0  0  0  @  0  0  9  0  P  0  0 P  0  0  0 
00000000000 

10021  ENGINE-FLAG-' — i — 1 _ 

10040  @00  TOGGLE  ENGINE-ON 

10050  IF  ENGINE-ON'  =  1  GOTO  10080 

10080  ENGINE-ON  '  =..l.  .  _ _ _ _ _ 

10070  GOTO  10100 
10080  ENGINE-ON'  -  C 


10100  IF 
1  0110 
10120 -@@@ 
10130 
1014  0 

10150 _ 

1016  0 
GINE-DAY  ' 

10170 - 

NE-SEC' 

10180 

1Q1.90 _ 

10200 

10210 

10220 

10230 

GINE-DAY' 

10240 - 

NE-SEC' 
10245  E 
10250 
10260 
10270 
10280 
10290 
10300  000 

10310 - 

10320  IF 
10330 


ENGINE-ON'  =  0  GOTO  10200 

-GHE-CK  -  ENG  I  iJE - - - 

IF  A  I N  <  6  »  1 5  .  r>)  <  3  GOTO  10260 

GDATE  ENGINE-MONTH'.  ENGINE-DAY'.  ENG  INE.YEAK ' 

_ GTIME  FMfilNF  HOUR  '  ,  F NG  I NF  . M I N  '  ,  ENG  INE  9 F C  ' _ 

F  N  G  I N  E  (  2  )  =  ENGINE-YEAR'  *19000  +  ENG  l  NE  ..MONT  H  '  T  1 00  4  EN 

- E  N  G I N  E XZ  1—^-EN  6-LN  F™,  H  0  U  R  '-  *  1 -0  0  00—  4-CMC211E_ilXlL'-li  ILLl . .4  -£N£  I 


ENGINE(l)  =  1 

_ G  QIC  —103  20 _ 

IF  A  IN (6.  15.  0)  >1  GOTO  10260 

GDATE  ENGINE-MONTH'.  ENGINE-DAY'.  ENG  INE- YEAR ' 

-  OT  IME— E-NGINE-^HOUR-  »  -  ENGI  NE^r-MTXN-L, — ENGINE^SE-C-^ - 

ENG  I NE ( 2 )  =  ENGINE-YEAR '*10000  r  ENGINE-MONTH ' * 


100  +  EN 


- ENGINE-C-3) — = — ENCINE—l 

NGINE ( 1 ) =0 

GOTO  -10320- - 

WAIT  1 
GOTO  10100 


DISK  CHECK 

D YTE-COUNT  +  12  <  DISK-SIZE  GOTO  10600 
PRINT  LINE22B*. 


E  WAIT 

10350 

10360 

10370 

10380 


IF  DISK*  < 

— * - D I  SKA' — 

GOTO  10390 
DISKB ' 


10400  IF  DISKA'  <> 
10410  DISK*  =  "A 

10  420  -——GOT 0—1 05CC - 

10430  IF  DISK'D'  ■ 

10440  DISK*  = 


GOTO  10430 


1  GOTO  10460 


10460 

10470 


PRINT  LINE22R* 1 

PRINT  ■  **  ENGINE:  NEW  DISK  REQUIRED  IMMEDIATELY!' 

UNCLASSIFIED 


UNCLASSIFIED 


;  T  A  B  (  6  i  )  i  P  T 1 1 

10430 

104°  C 

10500  PRINT 

—10510 _ PRINT 

6  1  )  >  FT  I  ME 


WAIT  -2 
GOTO  1  • 
LINE22i 


ENGINE:  .  NEW  DISK-T-EQUlKEl! _ IhtllllLL. 


JL U _ Cii. 


10520 
10530 
10540 
10550 
1  05o0 
10570 
10530 
10590 
10300 
10610 
10620 
10630 
10640 
10650 
10  66  0 
10670 

_ 1 0  6  S  0  . 

10690 

10700 

10710 

10720 

10730 


BYTE_COUNT  = 
ON  ERROR  2 1 2  < 
D  S  K  RESET 
OFF  ERROR 
GOTO  -  4  060 0-_ 
WAIT  .5 
GOTO  1  :5  4' 


"  0  — 


ENGINE-FILE  5  '  1  --  Ji;5K$ 

00  ERROR  12.  1  0-j5  4 

_ lMiENA  I  4  .  ENG2:lE_F_L£  i _ 

OFF  ERROR 
GOTO  10600 

_ UA.IX._5 - . - 

GOTO  1062'..' 

_C  N  _£RRQR__4 _ _ _ 

SAVE  ARRAY!  4  ENGINE (1; 
GOTO  10760 

- p-R  I N  T— L-I N  E  22  R  i-J - 

close:  4 

PRINT  *  **  engine:  OIJ 

.TAB  1611 N — PT.I  ME _ 

WAIT  1 
GOTO  10350 

CLOSE:  4 - 

OFF  ERROR 


prior: 


o  csk$ 


10740  WAIT  1 

10750  GOTO  10350 

-  10760  CLOSE:  4 - 

10770  OFF  ERROR 

10780 

.  10790-000  DISK  -SPACE 
10800 

10810  BYTE-CGU 

10820  IF— BYTE:. 

10830  PRINT 

10840  PRINT 

- SK  $  *  -TAB161  )  * — F-'XIME— 

10850 
1  0  8  6  C 

103  70  -SUSPEND-SELF - 

10380  GOTO  10050 
10890  END 


SK  -S r_A C E— W A RNI NG  -CHECK. _ 

DYTE-CUUNT  =  BYTE-COUNT  4  12 
IF— BYTE:.  COUNT  2  DISK-SIZE— — IM¬ 
PRINT  LINE22B':-: 

PRINT  •  **  engine:  new  disk 


REQUIRED  IN  DRIVE  Dl 


1100  0  0 1?  0  0  0  U  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  5  0  0  0  0  0  0  0  0  0  0  0  0  Q  0  0  0  0  0  0  0  0  0  0  0 
00000000000 

1  1  0  1  0  0ran  . 

11020  000  TABULAR  TEMPERATURE  DISPLAY  SUBROUTINE 

11030  000 

1  1040  PPPflGePPPPPPPPPPPPPPraiMJPPrappppppppppppppppppppppppppppnpppppfi 

00000000000 

11050 

11060  000  INITIALIZE  UARIABRt'S 

11070 

11080  CHAN'  =  1 

1 1100 

11110  000  INPUT  CONTROL  VARIABLES 


UNCLASSIFIED 


1112  0 

11120  ON  E R R 0 II  122»  11220 _ 

11140  PRINT  L  INI-120 CH 

11150  INPUT  ■  **  TEMPT:  ENTER 

1  I  JL.IiIS_DEVICEi.__ _ _ _ 

11160  PRINT  L I NE20C S » 

11170  INPUT  •  t*  tempt:  enter 

11180  PRINT  LINE20C*; - - - 

11190  ON  ERROR  205>  11320 
11200  INPUT  ■  **  tempt:  ENTER 

UEH  '  _ _ _ _ _ _ _ _ _ 

11210  PRINT  LINE20C*: 

11220  ON  ERROR  122f  11320 
11230  INPUT  •  **  TEMPT 1_- ENTER 
(1,6) 

11240  PRINT  LINE20CS1 

11250  TNPI1T  *  **  TEMPT!  ENTER 

<  7  ,  12  ) 

11260  PRINT  LINE20CS1 

11270  INPUT..  •_*:*_LEhPT2  .  ENTER 

11280  PRINT  LINE20C$> 

11290  INPUT  *  **  tempt:  ENTER 


QUTPU 


ICE  6 OR EE N  OR  P 


DPIVE  (A/E): 


UEH I  CL E  NUMFER 


D I S  _  D 


-  FOR  A I 


STARTING 


IE.  XXXMHDIO- 


•NTER  STARTING 


ENTER  -END .DATE 


ENTER  END  TIME  (HHMMS5): 


.BATE2S 1 


11300  GOTO  11380 
11310 

11320  PRINT  LINE20B*: - - 

11330  PRINT  *  **  TEMPT!  ILLEGAL  INPUT  I 
TIME 

XI 3  4  0 _G 0 10— LI  13 0 _ 

11350 

1 1360  000  DISABLE  DISK 

1  1370  - -  ■  — 

11380  OFF  ERROR 

1  1390  IF  D I S  _ D I S K $  =  • A  *  GOTO  11420 

11400  _ DI  SKBT — = C _ 

11410  GOTO  11440 
1  1420  D  I  3 K  A '  =  0 

H430-  - - - 

1  1  440  DIS.FILE'X  1  )  =  DIS-DISK* 

1  1450  IF  PIS -DEVICE*  =  *P*  THEN  CHAN'  = 

1  1  460  - - - — - — - 

11470  000  SET  LIMITS 
11480 

1  1490  IF  D  I  S..UEH  - — XU  -  0  -GOTO  1-1 550 - 

11500  FIRST.VEH'  -  1 

11510  LAST_VEH  '  =  4 

11520  .GOT 0—1 L590 _ _ _ 

1  1530  FIRST. UEH'  =  DTS..UEH' 

11540  L AST.UEH '  =  DIS-VEH' 

1  1550  - — - - - - — - 

1  1560 

11570  000  PRINT  HEADING 


ILLEGAL  INPUT  REENTER  VALUES' 


TAB \ 6 1 ) r  F 


11590  IP  DJS 
1  1 600  PRINT  : 
11610  PRINT : 


11620 
1  1  630 


FOR  L' 
IF 


.. D E V I C E $  O  *P*  PNT  174 
CHAN'  TAB  <  27 ) i  •THERMOCOUPLE  TEMPERATURES’ 

-CHAN  - - — [lAXE - TXME--U&H-U - 

=  1  TO  24 

L'  <.>  17  GOTO  11650 


11650  PRINT  USING:  CHAN' 
11660  NEXT  L ' 


UNCLASSIFIED 


/  V  V  V  V 


■- > '*■  */  V  J  -•  -■ 


UNCLASSIFIED 


11670 
11680 
11690 
11700 
-11710 
11770 
11730 
11740 
11750 
11760 
11770 
11780 
11790 
11300 
11310 
1  1320 
116  30 
11840 
11330 
1  18*0 
11370 
11380 
.11390 
11900 
11910 
11920 
11930 


/B-27 


F‘  R I  hi  i  I  L  H  A  N  ' 

U  I  NE. COUNT '  =  3 - 


{?(?(?  OPEN  FILES 


ON  ERROR  12-  11770 

FOR  L  '  -  F  I R  S  T  _  V  E  H  '  TO  LAST_VS:-f- 

0  I S  _  F  T  IE  1  ('  7  1  -=  ST  Rl<  L-'— 1 - 

OPENR :  4  +  l '  OIS-FILEi 
GOTO  11.7  70 

_ _ _ uAi.r_.-i _ _ _ ... _ _ _ _ 

GOTO  11.750 
NEXT  L' 

OFF  ERROR  _  _ 


QQQ  READ  FILE  AND  PRINT  i  Ki'F  ER«  li.  F- 


11950 
1 1956 


OH  ERROR  1 1 3  »  12030 

FOR  I.  -  FIRST. VEii'  TO  L  A  b  T  _ V E H 

LOAD  -ARRAY  1  4  1  l. '  T.i  [ S-TEMF'  (  1  >  >  Q  rn ‘ r  i  ••  t  1  > — i 

D  I S  _  0  A  T  E  3  1 (  1  •  6  :  -  S  TRS  c  £  I  S..T2MP  (  CO 'JR  .8:  '  (  L  -  x  1  ■ 

D I  3 _ D  A T E 3  1 1 7  t  12)  =  *000000* 

_ M s_  LEN  1.S  LSlf.CDI  S_IEttEjLC.OUivL£L  ii.L_*  l  _h- 2_la _ 

DIS_DATE3*  < 13-M ' » 12)  =  S  I  R  t  •  D1S_ • LMP<  COUPLES  '  '■  L  '  > 
IF  D I S  _  D  A  T  E  3  i  <  D 1 3  _  D  A  T  E 1  I  GOTO  l.;05o 

-  -I F  D I  S_ Tj ATEZi— i— D I  S_  0  A  TF.  2  i  -  GOT Q_  1  21£-0 _ 

PRINT:  CHAN*  B I S-DATE3  J  < 1 »  6 ) i  *  •;  BIS. CATC 

f  l*  ; 

_ FOR  M  * — =  1...T0  COUPLES'  ( t  '  ) _ 

IF  M '  <>  17  GOTO  11957 

IF  BIS.DEOICE*  <>  *P*  PRINT:  CHAN' 


11957 

11953 

-11961- 

11962 


IF  DIS_TFMP(M'  )  <  -99  GOTO  11977 
IF  DIS_TEMP(H'>  >  99  GOTO  11977 

- IF—  BI-S-J.EHP-CH2.l-i  0  GOTO  11970 _ 

PRINT  USING.'  CHAN'  *  -tf  BIS.TEf 


11963 

11970 


GOTO  11980  - - - 

PRINT  USING:  CHAN' 


DIS-TFr 


-11972  GOTO-  1 1980 _ 

11977  PRINT  5CHAN' 
11980  NEXT  M' 

U990  - -print:-c 

12000  IF  DIS-D 

12010  LINE. 

-12020 - IF — Li 

12040  IF 

TINUE* 

-12050  NEXT  - 1- - 

12060  GOTO  11850 
12070 

-12080— PRIHT_LINE20B$1 _ 

12090  PRINT  ’  **  TEMPT! 


**#  • ; 


PRINT: -CHAN ' - 

IF  BIS- DEVICE*  = 
LINE-COUNT'  = 

- IF — L-INE_CQUHXt 

INPUT  *  ** 


•F"  GOTO  12050 
L I NE.COUNT '  +  2 

— -24_ G aiO_L20H0 - 

TABLE:  HIT  RETURN  FOR  MORE 


END  OF  FILE  ENCOUNTERED! 


TAB (61 


12100 

-12110 


12110  IF.-BI S-BISEC1 
12120  CONTINUE*  = 
12130  WAIT  .3 


-GOTO-l  21-80- 


12150  INPUT  *  **  TEMPT!  ENTER  'C'  TO  CONTINUE  WITH  NEW  DIE 
NTINUE* 

UNCLASSIFIED 


•  •  -  -  -  .  r  •  *  /  •  S  /  »r  S  •**  rf".  *  ,  *  «  ' *  .  •  mw  *■  *  •  ■  «L*  *  *  *»  •  s'  %•  %*  V 


LSi-V' 


UNCLASSIFIED 


/B-28 


12160 

12170  _ _ _ _ _ _ _ _ _ 

12180  OFF  ERROR 
121V  ft 

4  2200  FCR_ L3_=_.  F I RS T _ V EH  '_XO  _i_ AS T._ 0 EH  _ 

12210  CLOSE!  4  +  L' 

12220  NEXT  L ' 

12230  -  - - - — __ - 

12240  IF  CONTINUED  =  ’C*  GOTO  11720 
12250  RETURN 

12260  END - 

13000  0000  00000000000  0000000000  0000  @0*000  0*5e(?pr/00U0  2  02  000000  000 

00(3(3(3(30(3(3(3(3 

13010  000-  .  — -  - - 

13020  000  GRAPHIC  TEMPERATURE  DISPLAY  SUBROUTINE 
13030  000 

13  0  40  000G2 @@@@@0200000000000000 020000 000  01* :*  0 H ~  P -  J 1  ■  2 ;~i ■? i j  1  j m  i* >3 f  ffl 0 i) 

Q  '2  0  0  00  0000  0 

13050 

13051  OOe  -REQUEST  PLOTTING  DEVICE--  _ 

13052 

13053  PLOTTER!  =  ’S’ 

13054  .  P RIN T-..LINE20C $J _  ..  _ 

13055  INPUT  •  **  PL0TT1  SELECT  SCREEN  OR  PLOTTER  (S/p):  *  PLOTTER 
% 

13056  - - - - 


13060 

13070 

-4-3071- 

13072 

13073 
13030 
13090 
13095 
13100 
13110 
13120 
13130 
13140 
13150 
13160 
13170 
13180 
13190 
13200 
13210 
13220 
13280 
13290 
13300 
13310 
13320 
13330. 
1  3340 
13350 
13360 


000  INITIALIZE  GRAPHICS 

-I  F— PUT  T4-E  R  $  _4C— 1RJL-G  0  70-13080- 
GRAPHICS  5.1.1 
GOTO  13095 

GRAPHICS -4 - - — 

CLS  4 
COLOR  7 

window  -cu.-ao .  _0-i— ao _ 

HPRINT  30.  76.  ’THERMOCOUPLE  TEMPERATURES’ 
VPRINT  3.  20.  'DEGREES  (CELCIUS)’ 

WINDOW  -10*  100*  ---50  150  - — - 

HAXISP  -30.  10 
VAXIS  0.  10 

FOR  -L- — = — --30  TO— 150— SJ-Ef- — 1-0 - 

NT  -5.  L'  -  2,  S  T  R 1  (  L  '  ) 


HPRINT  -5.  L'  -  2,  STRKL'  ) 

NEXT  L' 

—  H P R I N T — 45 r-45 .  *-T  t M E f - 

FOR  I '=10  TO  100  STEP  10 

HPRINT  I '-2.-35.STR-M  I  '  ) 

- N  EXT  -I  ' - - - 

ON  ERROR  122.  13530 

PR  I  NT— L-IWE20C-  J-J - - — - 

INPUT  ’  **  PL.OTT:  ENTER  DISK  DRIVE  (A/EOt  ’  DI 
PRINT  LINE20C*) 

0N_ERROR_2-0.5.  _L3530 _ 

INPUT  *  #*  PLOTT:  ENTER  VEHICLE  NUMBER  (1-4): 

PRINT  LINE20C45 

ON  ERROR— 12  2-»— 13530 - 


DIS-DISK 


D I S_VEH ' 


13370  INPUT  ’  **  PLOTT!  ENTER  STARTING  DATE  ( YYMMDD  >  I  *  DIS_DATE1> 

(1.6) 


13390  INPUT  ’  %%  PLOTT*.  ENTER  STARTING  TIME  (  HHMMSS  )  1  ’  U I S  _  D  A  T  E 1  'i 


(7.12) 


UNCLASSIFIED 


13400  PRINT  L  I  NK20C  +  > 
13410  INPUT  *  **  PLOTT 
13420  PRINT  L  I  HE  20C'£  '< 


INPUT 


**  PlOTT 


UNCLASSIFIED 

ENTER  END  -HATE _{ l TmuD) 


ENTER  END  TINE  ( HHtiNSS  > 


/B-29 


EiIS.DATLC  )■ 


ON  ERROR  205 »  13530 

INPUT  *  *#  PLOTT!  -ENTER  NUHBEP-QP—  7HEM0C0UPL-E-S— < T4T-F-L0-T- 


13440  PRINT  L I N E 2 0 C $  J 
13450  ON  ERROR  205.  13530 
13460  INPUT  *  *#  PLOTT!  -ENTE 
X)!  ‘  THERMOS' 

13470  FOR  L'  =  1  TO  THERMOS' 

13430  — _ PRINT- LINE20CS i  _ _ 

13490  INPUT  *  tt  PLOTT!  E 
E  '  <  L  '  ) 

13500  NEXT  L' 

13510  GOTO  1  3  5  9  U 
13520 

12530-PRINT  LINE20BT? _ _ 


-<  6—MA- 


PRINT.  LINE20CS  i  _ _ _ _ _ ! _ 

INPUT  *  *6  PLOTT!  ENTER  THERMOCOUPLE  NUMBER !  *  D 1 3_ 


COUF'L 


*t  PLOTT!  ILLEGAL  INPUT  REENTER  VALUES!  *  5 


13540  PRINT  1  *!  PLOTT!  ILLEG.- 
T  I  ME 

13550  GOTO- 13290 - 

13560 

13570  000  DISABLE  DISK 

13530  _ _ _  _ _ _ _ 

13590  OFF  ERROR 
13600  IF  D I S . D I S M>  =  " A '  GOTO  1361 

13610 - DISK R 6  -a — 0 -  - - 

13620  GOTO  13660 
13630  DISK A'  =  0 

_i  3  6  4  0 _ILLS£L  k  T_0 _ 

13650 

13660  DIS.FILES  =  TEMP.FILEt 
1 366  J  DIS-FILES!  1  )— =l_D1S_DISK* 
13670 

13680  PRINT  VEHICLE  DATA 

.13690 _ _ 

13700  UINDOU  0.  80.  0’  80 
13710  COLOR  7 

13720  HFRINT  PIS. VEH -18  -  9. 
13730  HFRINT  DIS.VEH'  *  13  -  5 
13740  HFRINT  DIS.VEH'  *  18  •-  5' 
-13750  HPRINT-JDIS-VEH  1 — t  _1  3—1-.  — 2- 


1  )  :  (-• 


VEHICLE  DATA 


9.  — 73»— STR'PT-PI  SiVEM-^-4 — 
5 .  73.  D  I S.DATE 15(1.6) 
5.  70.  DT 8..BATE? T  ( 1  *  6  > 
-2..  -75  /  — IlLS— DA  L£  1  i  i  IN  12 


13760  HFRINT  DIS.VEH'  *18+2.  70. 
13770  FOR  L'  =  1  TO  THERMOS' 

13780  - COLOR-LA - 

13790  HFRINT  DIS.VEH'  *  18  -  12 


D I S.PATE2* ( 7 • 12) 


13780  - COLOR-LA - 

13790  HFRINT  DIS.VEH'  *  18  -12+3 

'  )  ) 

J.  3800-NEXJ— LI _ 

13810  COLOR  7 
13850 

-13859  - - - - - 

13860  000  OPEN  FILE 
13370  CONT I NUE  *  =  *  1 

1 387 1— CQNT-INllES— =— 1 — 1 - 

13880  ON  ERROR  12.  13920 
13890  DIR. FILES! 7 )  =  STR* < DIS.VEH ' > 

-1-3900  - OPEN  34-5 - M-3-.-F-I-LE4 - 


STF<S  (  DIS.COUPL  £  '  ( !. 


13890 

-1-3900 

13901 

13902 


EOF'  =  C 
NPTS'  = 


13910 

13920 


GOTO  13940 
WAIT  .1 


UNCLASSIFIED 


<  D  IS_DA  TE  1  3(3.4,  )  *  3 


UAL*  <  D  I S  _  D  A  T  E  2  * 


UNCLASSIFIED 

13930  GOTO  1 3*00 

13940  OFF  E R ft 0 (>'  — - - - 

13950 

13-’60  0GG  READ  FILE  AN 0  PLOT  TEMPERA  1 1:!;: EL 
13970  PLOT -««£-=— UAL* LDLS-DATEi *  Cl  1 , 1 2.1-1  — L-ll,-J_*-L-D  I£_H  AXEJ-S-LS-  «  -Ui-l-l- 
*  60  +  UAL*<DI5_DATEl*(7*S) >  *  3600 

13980  PLOT-DATE  =  UAL*  (  DIS-DATE  i  5  (  5  ,  6  )  )  f  UAL*  (  D  I S  _  D  A  TE  1  5  C  3  •  4  >  > 

13990  DIS-TMP  =  UAL*  C  DIS-DATE2*  <  1 1  ,  1  2  )  )  +  UAL* < D [S-DATE2*  ^-lOD 
60  +  UAL* ( DIS-DATE2* (  7 , 3  >  >  *  3800  -  Pl0T_TIMF. 

14000 --DIS-TMP  — =-ItI  S  - 1  ME  .*  CJ-'AL*  XI)I£_D  A.TE2.S  <5, 6  U _ i-l'  A1  1- rilL-flA  .  :X 

3,4))  *  30  -  PLOT-DATE)  *  86400 

14010  UINDOW  DIS-TMP  /  100  *  -10,  DIS-TMP,  -50,  150 

14020  IF  PLOTTER*  <f>  -*P*  DISPLAY  4- - - - 

14030 

14040  ON  ERROR  113,  14195 

14  050 _ LOAD— ARRA.Y-1 — 5— DLS-TEiiE-C-1-)-, — COUPLES  C  CPIS- U-Et-LC. ). — 6  —2 - 

14060  DIS-DATE3  M  1 ,8)  -  S  TR*  (  DIS_  TEMP  1  COUPLES  '  i  D  T  S..UEI  I '  )  +  1  ■ 
14070  DIS-DATE3SC7, 12)  =  *  000000* 

14080  --M  ' — =  ■  LEN ( STR * ( DIS-TFMP  <  COUPLES  —CIU-S—U£iU_) — X — 2-C-i-i- - 

14090  DIS_DATE3*< 13-IV  ,12)  =  STR t ( DIS-TEMP ( COUPLES '< D 13 -UEH  ) 


14050- 
14060 
14070 
14080 
14090 
2)  ) 

14100. 

14101 

14110 

14140 


14100  _ IF— DIS-DAIE3S— <— DIS.DATE1*  — tiOXO  14&5D _ 

14101  IF  DIS-DATE3*  >  DIS-DATE2*  GOTO  1420: 

14110  FOR  L'  =  1  TO  THERMOS'  X  2  STEF  2 

14140  — - DIS-STAR TX-N FLTS-L* U)  =  UAL* I  DIS-DAlE-3 *441.- X20-UX1 AC*X ILIS-tU) 

TE3*(9, 10) >*60+UAL*(DIS_DATE3*(7,8) ) *3600- PLOT-TIME 

14150  DIS-START  (  NF'TS'  +  L  '  )  =  D I  S-ST  ART  (  NF'TS  '  +L  '  )  F  <  UAL*  (  DIS-DATE2 

SXZ  .6044.UAL4  CDI-S_DAJE3*  X3 , 4Xl*3Q^ELOT-nAXE.Uca6-4HjO - 

14160  DIS-START (NFTS'+L'+l )  =  D I S-TEMP ( D I S-COUPLE ' < < L ' + 1 ) /2 ) > 

14180  NEXT  L' 

14181  —  NPTS  =— NP-TS-4 — P— THERMOS '-*-2 - — 

14190  IF  NPTS'  <  10000  -  THERMOS'  *  2  GOTO  14050 

14191  GOTO  14201 


14195 

14196 
14-00 

14201 

14202 

14203 

14204 

14205 

14206 

14207 

14208 

14209 

14210 

14212 

14213 

14214 

14215 
14220 
14230 
1  4240 
14250 
14260 
14270 


FOR  L'  =  1  TO  THERMOS'  X  2  STEP  2 
MOVE  DIS-START ( L' ) , DIS-START ( L ' +1 ) 

- COL-GR—44.X-+  1  )-X— 2 - 

FOR  M'  =  L'  +  THERMOS '*2  TO  NPTS'  STEP  THERMOS'  *  2 
PLOT  DIS-START (M' ) ,  D I S-ST  ART ( M '  +  1) 

- NEXT-M  ' - 

NEXT  L' 

-F  o R— L—  —  1 — TO — THERMOS  '  ■  *  2 - 

DIS-START (L' ) =D I S-ST ART ( NPTS ' -THERMOS ' *2+L ' ) 

NEXT  L' 

IF  D I  S-_-  D  A  T  £-3  *— >— D  I  S_  DATE  2 1 — GOTO — P4350 - 

IF  EOF'  <>  1  GOTO  14050 


U AI 1-2 _ 

DISPLAY  0 
PRINT  LINE20R*; 
PRINT  -1—**— FUOTXl- 


IND-Of- 


IF  DIS-DISK*  =  DISK*  GOTO  14350 


1  4290 
14300 


WAIT  3 
DISPLAY  0 


UNCLASSIFIED 


UNCLASSIFIED 

143vi  close:  5 

14310  PRINT  1 INF20C*;  ----- 

/  B-3 1  ;; 

« 

14320  I fir-'U  1  *  **  P-OTT:  ENTER  •  C  '  TO  CONTINUE  WITH  NEC  list-:  " 

CONTINUE* 

1477,'.  fP  rnwTTNiiPi  =  •  f  ■  U/HW 

i 

i 

. 

14331  GOTO  14355 

14340 

i  47?.^  nn^p’  c.  .  _ 

'A 

ft 

0 

J 

1 

1  7  J  J  <  u  L'J  3  u  >  J 

1*1355  PRINT  LINE20CJ  • 

14360  WAIT  2 

1  4  3  7/)  Ti  I  3  P 1  A  <  0 

\ 

2 

1 4330  INPUT  *  **  PLOTT:  ENTER  'O'  TO  CONTINUE  WITH  A NO "HER  UEH1 

CLE:  •  CONTINUE* 

1  479(1 

‘i 

14400  OFF  ERROR 

144  10 

14420 

'J 

<d 

9 

* 

1  4430  IF  CONTINUES  =  "  C  *  GuTO  13380 

L  4  4  4  0  IF  CONTINUES  =  'O'  GOTO  1  333c 

1  ajsri 

<  J 

h 

1 4 4 o 0  IF  PLOTTERS  =  ’P*  GOTO  14520 

14461  DISPLAY  0  WAIT  2 

1  4470  PRINT  1  f NF20CS  i 

/ 

i 

14430  PRINT  1  **•  PLOTT!  HIT  RETURN  TO  CLEAR  PLOT' 5  7  A  B  ■  6  1  <  »  PTIhE 
14490  WAIT  2 

1Ac.flA  IlT^P'lAY 

\ 

■i 

iMJVU  UiDrUHI  ■  - - - 

14510  INPUT  ■'  CONTINUES 

14520  DISPLAY  0 

I 

14540  RETURN 
14550  END 

15000  @e@epe(?0Pee(?(?G‘e@0ee@e@3etiesi?aeQeeooj;raaa@-8eiixia9aiiaJitf^wi@asjSTi*« 
00000000000 

15010  000 

15020-000 _ SI  ART PAI-A—ILLSELAy — SU-BRDU  T-LNE _ 

15030  000 

15040  @000000000000000000000000000000000000000000090000000000000000 
0  0  @  (?  (?  Q  (?  6  G?  &  0 - - - - — — — — - 

15050 

15051  000  REQUEST  PLOTTING  DEO  ICE 

15052  - 

15053  PLOTTER*  =  "S' 

15054  PRINT  LINE20CS5 


15056  PRINT  L I NE20C* 


15058 

15060  000  INITIALIZE  GRAPHICS 

i  «rn-?n 

X.  \J  K/  /  \j - - - - - 

15071  IF  PLOTTER*  <>  *P*  GOTO  15080 

15072  GRAPHICS  5,1,1 
iirtri  nnrn  i^no^ 

4  v  v  <  w  — U  U  <  W  ■  *  v  V  *-W - 

15080  GRAPHICS  4 

15090  CLS  4 

I-jOtj  LULUK — — - 

15100  WINDOW  0,  80,  0,  80 

15110  HPRINT  35,  77,  ’START  DATA’ 

UNCLASSIFIED 


15150  COLOR  2 

1.  5  1  oO  VF'RINT  3  •  8*  •*  CUkftEN  T— vA  )  ■ - 

15170  COLOF  3 

1.5180  VF'RINT  3.  37:  ‘ENGINE  S'EEG  <  R  P  M  •  “ 

15190-  COLOR  -7 - - - - - - - - 

15200  WINDOW  -2.5.  2  1.5*  -200.  1400 
15210  HAXISF'  0.  2 

15220  VAXISP  0*  100  - - - 

15230  FOR  L'  =  0  TO  1600  STEF  100 
15240  HF'RINT  -1,25.  L'  -  20.  STR't(L') 

15250  -NEXT — L2 _ 

15260  FOR  L '  =  0  TO  20  STEP  2 

15270  HF'RINT  L'  -  .25.  -80.  STRi'LM 

15280  NEXT  L '  __  _ _  _  _ 

15290  WINDOW  -2.5.  21.5.  -4,  32 
15300  VAX  ISP  20.  5 

.15210  _F.UR  L.'. _ _0  .  T 0  .22_£T£E_5 _ _ _ __ 

15320  HPRINT  20.4.  L'  -  .5.  STR*(1 '  » 
15320  NEXT  L 

15340  . . .  .  - . .  ... 

15250  OSS  INPUT  CONTROL  VARIABLES 
15360 

1 5 3 7 0 _D I S_F.I LEI..  =  ..START.  'ILF  j _ 

15380 


15390  ON  ERROR  122.  15520 
15400  PRINT  LINE20CS! - 


15410  INPUT  ‘  **  STARTP1  ENTER  DISK  DRIVE  ( A/B )  t  ‘  DIS_DISK$ 

15420  PRINT  LINE20C*  f 

-15430— 0N. -ERROR _ 20  5 j _ 15520 _ 

15440  INPUT  ‘  **  STARTF'J  ENTER  VEHICLE  NUMBER  11-4):  •  OIS_VEH' 
15450  PRINT  L INE20C $  » 

15460  ON  ERROR  122* -1-3530 - - - 

15470  INPUT  •  **  STARTP;  ENTER  STARTING  DATE  (YYMHDIn:  ‘  DI3-.DATE1 

$(1.6) 

15480  FR I  NT— LINE20C$-i _ 

15490  INPUT  ‘  **  STARTFl  ENTER  STARTING  TIME  (HHMM3S)  5  *  OIS-DATEl 
$(7.12) 


15500  GOTO  15560— - 

15510 

15520  PRINT  LINE20B$ 

-15530  PRINT-*  XX  STAR TF’l _ 

PTIME 

15540  GOTO  15400 

15550  - - - 

15560  @@(?  DISABLE  DISK 
15570 


■XABXSU-. 


-L5580— OF-F—ERROR- 


15590  IF  D I S _ D I S K $  =  ‘A‘  GOTO  15620 
15600  DISKB'  =  0 

15610  GOTO  -15640 - 

15620  D I  3 K A  '  =  0 
1  5630 

_ 15640  DIS-FJLEi  (  U-_s„  DiS_DISIli _ 

15650 

15660  t?et>  PRINT  VEHICLE  DATA 

— 15670  - - - 

15680  WINDOW  0.  80.  0.  80 
15690  COLOR  7 

- L-570Q  HPRIN.T.riTS  UFH'  t  1A  -  A.  74.  STRf.tPTG  VFHM 

15760 

15770  (?@0  OPEN  FILE 


UNCLASSIFIED 


,V  > 


>  vv  V  . 


,V WW-'.  '-’Si  w^"V 


fi 

E 


~ivy  \y v-  -v  • 


UNCLASSIFIED 

1  5  7  G  0 

-  15790  ON  ERROR  17.  -15830  - 

15900  DIS_FILS*(3>  =  STRuDIS  _VEH'  ; 

15310  OF-ENR:  £  DIS.FILE* 

-  15320  GOTO -15570 - - - - — - 

15830  PRINT  LINE20P$  * 

15840  PRINT  **  STARTP;  START  FILE  NOT  FOUND  1  "  .  TAMoi  *  J  PI  I  HE 

15350  -  GOTO  14200 . — - — — .  . . 

15360 

15870  0P0  READ  FILE  AND  PLOT  DATA 

- 15230  - 

15390  IF  PLOTTER?  O  *P*  DISPLAY  4 
15900 

15910  ON  ERROR  115.  16120  -  - - - - - - 

15920  LOAD  ARRAY:  5  D I  3-STAR T ( 1 ) .  10002 

15930  D  I  S _  D  A T E  3 ?  (  .1  >  4  •  =  3TR*  (  D  I  3..S T  ART  •.  1 000  1  -  ) 

15  940 _  D 1 3  _ D.A  Tii 3  $.L7  iJ. 2 1 _ = _ 13.0 0  0  0  C_!_. _ 

15950  M  -•  I.EN(  8TRS  (  DIB.START  (  10002)  )  ) 

15960  DIS-DATE3K  13-M'  ?  12)  ;=  SYR'S  '  D  13-START  ( 10002  > ) 

15  961 _ IF_0IS_DATE3S  ..  A  DIE-HATE1S  .0070-159-20 - 

15962  HPRINT  DIS.VEH'  *  16  -  4.5.  74.  D IS_ DATE3 $ < 1 . c ) 

15963  HPRINT  DIS-VEH'  *  16  +  2.  74.  D I  3 _ DA 7C3 S <7 . 1 2  ■ 

_ 15970 _ _ _ COLOR _ 1 _ _ _ _ _ 

15980  WINDOW  -2.5.  21.5.  -4.  32 

15990  MOVE  0.0 

16000  - FQR-L— 2 — TO— 10000-  STEF: — 4 - 

16010  PLOT  L'  *  .002  .  D  IS.START < L ' > 

16020  NEXT  L' 

_ 16030 _ W I  MU  0  W  -=2  .-5  j— 2 1  ^5  j_ =.20  0  :  -  J.  600. - 

16042  COLOR  2 

16043  MOVE  0.0 

-  -  16044  FOR  L'=  -1— TO— 10000-STEP  -2 - 

16045  PLOT  L'  *  .002.  D 1 3-START < L ' ) 

16046  NEXT  L' 

_ 16080  —COLOR — 3 _ 

16082  MOVE  0.0 

16084  FOR  L'=  4  TO  10000  STEP  4 

16086  PLOT- L—  *-,-002.  D IS..ST  AR-Tl  L-) — *_SGALH - 

16088  NEXT  L  ' 

16110  GOTO  16180 

- 16120  - 

16130  WAIT  2 
16140  DISPLAY  0 

16150  PRINT -LINE-20B*. — - 

16160  PRINT  ■  *#  STARTP:  END  OF  FILE  ENCOUNTERED !  1  .*  TAD(61)>  FT  I  ME 
16170 

- L6.L80— CLUSE2 — 5 - 

16190 

16200  OFF  ERROR 

- 16210  WAIT— 1 - — - 

16220  DISPLAY  0 
16230  PRINT  LIN£20C$; 

_ 16240 _ INP-UJ— 2— X STARTED _ EHXE.fi  'HI  10  CONTINUE  U IIH  ANOTHER  .  START.; 

■  CONTINUE! 

16250  IF  CONTINUE*  =  * C ’  GOTO  15400 

- 16260  - 

16270  IF  PLOTTER*  =  *P*  GOTO  16320 

16271  PRINT  LINE20C*; 

4  /  nnA  riHTiir  •  -a.  *  <’TAC.Tr.  ♦  utt  octiicu  rn  r'  i  r  a  c.  r.  i  ft  t  ■  ?  taiwz.i\»  r.  t  t  ur 


/B- 


UNCLASSIFIED 

16310  INPUT  ■ *  CONTINUES 

16220  DISPLAY  0  -  -  _ 

1  6330 

16340  RETURN 

16350 -END - 

17000  @0000000303000000000000000000000000000000000000000500  i?  ;>  £  i7)y  O  i  J 

17010  000  - 

17020  000  ENGINE  ON/OFF  DISPLAY  SUBROUTINE 

1 703C  @@@@@@@@@@@@@@@0@@@@@@@0f?0@0@@@0@@@@0@@@@@@@0P0@@@@@@@@@03@@!i 

0000000000  0  _ 

17040 

17050  000  INPUT  CONTROL  VARIABLES 

1  7060  _ _ _  _ _ _ _ 

17070  PRINT  LINE20CS: 

17080  INPUT  *  **  ENGINE!:  ENTER  OUTPUT  DEVICE.  SCREEN  OR  PRINTER  < 

S  /  P  )  .*  _.A_H  IS—DEVICE  i _ 

17090  PRINT  L I NE20C i * 

17100  INPUT  1  * *  ENGINETJ  ENTER  DISK  DRIVE  (A/D):  *  DI3.DIS1.C. 

17110 - - - 

17120  CHAN'  =  1 

17130  IF  D IS_ DEVICES  =  *p*  THEN  CHAN'  a  9 

17140 _ _ _ 

17150  @00  PRINT  HEADING 
17160 

17170  I F- D IS- DEVICES  —LI—*  p-’-FNT— 1-74 - 

17190  PRINT!  CHAN' 

17200  PRINT!  CHAN'  T AB ( 1 8 )  ’ENGINE  ON/OFF  TIMES  ’ 


17230 

17240 

17250 

17260 

17270 

17230- 

17290 

17300 

1  7310 

17320 

17330 

17340 

17350 

17360 

17370 

17380 

17390 


@00  OPEN  FILE 

BIS-FILES  -=-ENGI-NE-*E-ILES - 

BIS_FILE$<  1 )  =  BIS- DISKS 
ON  ERROR  12.  17300 

- OEENft  1—5 _ DIS-FILE-S _ 

GOTO  17350 
WAIT  .1 

GOTO  -17  280 - 

@00  READ  FILE  AND  PRINT  TIMES 

ON  ERROR  113.  17440 

LOAD  ARRAY!  5  DIS-ENG  INE ( 1  )  .  3 
- 1 F— DJ-S  „  EN  G I N  E-L-D-) — =  -O-OlXTB—l  7-4  1 0 - 

print:  chan 

print:  CHAN'  T  AB ( 18)  DIS-ENG INE < 2 )» DIS-ENG INE < 3 >*’ ON 


1740 0  GOTC 
17410  PR  INI 
17415—  -PR  IN-1 
17420  GOTC 
1  7430 

17440  CLQSE-1- 
17450 

17460  RETURN 
1  7470  END - 


GOTO  17360 
print:  CHAN' 

PR  I NT4 — CHAN- 
GO  TO  17360 


TAB ( 18)  DIS-ENG INE (2) »DIS_ENGINE(3> 


UNCLASSIFIED 


ANNEX  C 

DATA  FROM  VEHICLE  EQUIPPED  WITH 
A  HOT  AIR  HEATING  SYSTEM 


UNCLASSIFIED 


iTiWT 


UNCLASSIFIED 
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840125 
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.  C-  7 
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110000 

840126 
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Figure  C-  2 

840125 

110000 

840126 

110000  . 
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Table  C-  3 

840126 

110000 

840127 

110000  . 
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Figure  C  -  3 

840126 

110000 

840127 

110000  . 
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Table  C-  4 

840127 
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840128 
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Figure  C-  4 

840127 
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840128 
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Table  C-  5 

840128 

103000 

840129 
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Figure  C  -  5 

840128 

103000 

840129 
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Table  C-  6 
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103000 

840130 

103000  . 
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Figure  C  -  6 
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103000 

840130 
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Table  C-  7 

840130 

123000 

840131 

123000  . 
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Figure  C  -  7 

840130 
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840131 
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Table  C-  8 

840131 

080000 

840201 

080000  . 
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840131 

080000 

840201 

080000  . 
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Table  C-  9 

840201 

083000 

840202 

083000  . 
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Figure  C  9 
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840202 
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Table  C-10 
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840203 
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Starting  Data  from  Vehicle  Heated  with 
Hot  Air  and  Heater  Exhaust  . 
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Figure  C - 11  840124  131207 

Figure  C  - 12  840125  152609 

Figure  C  - 13  840125  160356 
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UNCLASSIFIED 
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UNCLASSIFIED 
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/  C-4 


TEMPERATURE  DATA 
FROM  VEHICLE  HEATED  WITH 
HOT  AIR  AND  HEATER  EXHAUST 

NOTE: 

1.  An  unplugged  thermocouple  breaks  the  thermocouple  circuit  and  causes  the 
data  acquisition  system  to  measure  common  mode  voltage  which,  in  most  cases, 
corresponds  to  a  very  high  temperature.  In  those  situations  the  temperature  is  far  beyond 
the  range  used  for  actual  temperature  measurements  and  therefore  the  temperature  is 
displayed  in  the  tables  as  ‘***’  and  will  not  appear  on  the  temperature  plots  except  as 
a  line  descending  directly  down  from  a  very  high  temperature  to  a  legitimate  reading. 
These  occur  on  several  occasions  in  Annex  C  but  must  be  disregarded  as  they  have 
absolutely  no  bearing  on  the  temperatures  which  occurred  in  the  vehicles. 

2.  Although  temperature  data  were  recorded  at  one  minute  intervals  during  the  test 
period,  to  reduce  the  amount  contained  in  this  Annex,  data  are  presented  only  after  each 
change  of  4°C  in  any  thermocouple  reading. 
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LEGEND  FOR  ANNEX  C  TEMPERATURE  DATA 


Oil  —  Oil  Pan,  Front 


Oil  —  Oil  Pan,  Rear 


Coolant  —  Thermostat  Housing 

Coolant  —  Connector  Pipe,  Oil  Cooler  to  Engine  Block 

Coolant  —  Engine  Block,  Right 

Coolant  —  Cylinder  Head,  Rear,  Right 

Air  —  Engine  Bay,  Front 

Air  —  Engine  Bay,  Rear 

Air  —  Air  Inlet  Horn 

Fuel  —  Fuel  Inlet 

Electrolyte  —  Battery,  Forward 

Air  —  Battery  Box 

Air  —  Crew  Compartment,  Front 

Air  —  Crew  Compartment,  Rear 

Exhaust  Gas  —  Mixing  Pipe  Output 

Air  —  Turboheater  Output 

Exhaust  Gas  —  Turboheater  Exhaust 

Air  —  Outside  of  Vehicle 
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Table  C-1 

THERMOCOUPLE  TEMPERATURES 

THERMOCOUPLE  TEMPERATURES 


DATE 

TIME  UEH 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

13 

840124 

130406 

3 

4 

3 

4 

3 

4 

4 

3 

2 

3 

3 

1 

0 

3 

-> 

ttt 

1 

1 

n 

840124 

131306 

3 

9 

7 

6 

6 

4 

6 

4 

o 

4 

n 

1 

-  0 

3 

o 

ttt 

0 

0 

1 

840124 

111406 

3 

15 

12 

10 

10 

4 

10 

6 

n 

4 

1 

0 

-  0 

3 

o 

ttt 

0 

0 

-  0 

840124 

131706 

3 

19 

14 

14 

13 

6 

14 

6 

3 

5 

1 

0 

0 

3 

1 

%%% 

0 

0 

0 

840124 

131806 

3 

28 

26 

21 

19 

8 

20 

11 

3 

5 

1 

0 

-  0 

3 

1 

ttt 

0 

0 

0 

840124 

131906 

3 

34 

32 

27 

26 

10 

26 

12 

3 

7 

1 

0 

0 

3 

o 

ttt 

1 

1 

1 

840124 

132006 

2 

39 

33 

32 

31 

13 

31 

13 

3 

7 

1 

0 

-  0 

3 

3 

ttt 

0 

0 

0 

840124 

132106 

3 

44 

42 

33 

36 

16 

36 

16 

4 

8 

-  0 

-  0 

3 

1 

ttt 

0 

0 

1 

340124 

132206 

3 

47 

45 

42 

41 

21 

41 

17 

5 

9 

3 

-  0 

0 

3 

1 

ttt 

0 

0 

1 

840124 

132306 

3 

50 

48 

44 

42 

34 

43 

18 

7 

9 

5 

0 

0 

3 

-  0 

ttt 

0 

0 

1 

840124 

112406 

3 

53 

51 

45 

43 

38 

44 

19 

7 

10 

5 

-  0 

-  0 

3 

1 

ttt 

0 

1 

0 

840124 

132606 

3 

57 

57 

48 

47 

43 

47 

24 

9 

12 

6 

0 

-  0 

3 

5 

ttt 

0 

0 

-  0 

840  t  24 

132806 

3 

61 

58 

52 

51 

47 

51 

•>•> 

10 

14 

7 

0 

-  0 

3 

6 

ttt 

0 

0 

-  1 

840124 

133006 

3 

63 

63 

55 

54 

51 

55 

*>-> 

12 

15 

8 

0 

-  0 

r> 

3 

ttt 

0 

-  0 

-  1 

840124 

133306 

3 

66 

62 

59 

58 

56 

58 

28 

16 

17 

10 

-  0 

-  0 

o 

-  0 

ttt 

0 

0 

-  1 

940124 

133606 

3 

69 

67 

63 

61 

59 

62 

30 

18 

19 

10 

-  0 

-  0 

•> 

0 

ttt 

0 

0 

-  0 

840124 

134006 

3 

74 

70 

67 

66 

64 

66 

33 

20 

21 

11 

-  0 

-  0 

3 

-  0 

ttt 

0 

0 

-  1 

840124 

134406 

3 

77 

76 

71 

69 

68 

70 

35 

23 

23 

13 

0 

-  0 

3 

2 

ttt 

0 

0 

-  1 

840124 

134506 

3 

76 

77 

70 

69 

66 

69 

37 

30 

24 

14 

-  0 

-  0 

3 

1 

ttt 

0 

1 

-  1 

840124 

134706 

3 

74 

76 

70 

69 

66 

69 

36 

31 

26 

18 

-  0 

0 

3 

-> 

ttt 

0 

0 

-  1 

840124 

134906 

3 

73 

76 

70 

69 

66 

68 

35 

30 

27 

22 

0 

0 

4 

2 

ttt 

0 

0 

-  1 

840124 

135206 

3 

71 

75 

69 

69 

68 

66 

35 

32 

29 

27 

0 

0 

4 

3 

ttt 

0 

0 

_  1 

840124 

135606 

3 

69 

75 

68 

67 

68 

63 

35 

32 

30 

31 

0 

0 

4 

3 

ttt 

0 

1 

-  1 

840124 

140406 

3 

67 

73 

66 

65 

66 

60 

32 

31 

34 

35 

0 

1 

4 

3 

ttt 

1 

1 

-  4 

840124 

153509 

3 

48 

49 

51 

44 

50 

44 

26 

28 

36 

35 

1 

1 

3 

3 

ttt 

1 

•  1 

-  4 

840124 

163508 

3 

39 

39 

43 

36 

43 

36 

22 

25 

31 

32 

0 

0 

1 

2 

ttt 

-  1 

-  0 

—  5 

840124 

171315 

3 

34 

34 

38 

32 

38 

33 

19 

22 

28 

28 

-  0 

-  1 

-  1 

1 

ttt 

_  o 

-  1 

-  6 

840124 

175115 

3 

30 

30 

35 

28 

35 

29 

16 

19 

26 

25 

-  1 

-  1 

-  1 

-  0 

ttt 

-  3 

-  2 

-  7 

840124 

182715 

3 

27 

26 

31 

25 

31 

25 

13 

16 

22 

22 

-  1 

-  2 

-  3 

-  1 

ttt 

-  4 

-  3 

-  8 

840124 

190905 

3 

23 

23 

26 

21 

27 

21 

10 

13 

18 

19 

-  2 

-  3 

-  4 

-  3 

ttt 

-  5 

-  5 

-10 

840124 

195745 

3 

19 

19 

22 

18 

23 

17 

7 

10 

15 

15 

-  3 

-  4 

-  6 

-  4 

ttt 

-  6 

-  6 

-11 

840124 

204326 

3 

16 

16 

18 

14 

19 

14 

4 

7 

12 

12 

-  4 

-  4 

-  7 

-  6 

ttt 

-  8 

-  7 

-12 

840124 

214832 

3 

12 

12 

13 

10 

14 

10 

1 

4 

7 

8 

-  5 

-  6 

-10 

-  8 

ttt 

-10 

-  9 

-13 

840124 

225832 

3 

8 

8 

9 

6 

10 

7 

-  1 

1 

4 

5 

-  6 

-  7 

-11 

-10 

ttt 

-11 

-11 

-14 

840125 

001432 

3 

5 

5 

5 

3 

6 

3 

-  4 

-  1 

1 

o 

-  7 

-  8 

-12 

-11 

ttt 

-13 

-13 

-15 

840125 

014832 

3 

1 

1 

1 

-  0 

2 

-  0 

-  6 

-  4 

_  o 

_  -> 

-  8 

-10 

-14 

-13 

ttt 

-14 

-14 

-17 

840125 

040332 

3 

-  3 

-  3 

-  3 

-  4 

-  2 

-  4 

-  8 

-  7 

-  5 

-  5 

-10 

-12 

-16 

-15 

ttt 

-16 

-16 

-18 

840125 

063832 

3 

-  7 

-  6 

-  7 

-  7 

-  6 

-  8 

-11 

-10 

-  9 

-  8 

-12 

-13 

-17 

-16 

ttt 

-17 

-17 

-18 

840125 

090410 

3 

-  9 

-  1 

-  9 

-10 

-  8 

-10 

-13 

-12 

-10 

-10 

-14 

-15 

-18 

-17 

ttt 

-18 

-18 

-1? 

840125 

090437 

3 

-  9 

-  9 

-  9 

-10 

-  8 

-10 

-  1 

-12 

-10 

-10 

-14 

-15 

-18 

-17 

ttt 

-18 

-18 

840125 

090511 

3 

-  9 

-  9 

-  9 

-10 

-  8 

-10 

-13 

-12 

-11 

-11 

-14 

-  1 

-18 

-17 

ttt 

-18 

-18, 

^18 

840125 

090534 

3 

-  9 

-  9 

-  9 

-10 

-  9 

-10 

-13 

-12 

-11 

-10 

-14 

-15 

-18 

-17 

ttt 

-18 

_  4 

-18 

840125 

090602 

3 

-  9 

-  9 

-  9 

-10 

-  9 

-10 

-13 

-12 

-11 

-11 

-14 

-15 

-18 

-17 

ttt 

-18 

-18 

-18 

840125 

092947 

3 

-  9 

0 

-10 

-10 

-  9 

-11 

-13 

-12 

-11 

-11 

-14 

-15 

-18 

-17 

ttt 

-18 

-18 

-17 

840125 

093042 

3 

-10 

-  9 

-10 

-10 

-  9 

-11 

0 

-12 

-11 

-11 

-14 

-15 

-18 

-17 

ttt 

-18 

-18 

-17 

840125 

093138 

3 

-  9 

-  9 

-10 

-10 

-  9 

-11 

-13 

-12 

-11 

-11 

-14 

0 

-18 

-17 

ttt 

-18 

-18 

-17 

840125 

093230 

3 

-10 

-  9 

-10 

-10 

-  9 

-11 

-13 

-12 

-11 

-11 

-14 

-15 

-18 

-17 

ttt 

-18 

-  0 

-18 

840125 

093334 

3 

-  9 

-  9 

-10 

-10 

-  9 

-11 

-13 

-12 

-11 

-11 

-14 

-15 

-18 

-17 

ttt 

-18 

-18 

-17 

840125 

100856 

3 

-10 

-10 

-10 

-10 

-  9 

-11 

98 

-12 

-11 

-11 

-14 

-15 

-17 

-17 

ttt 

-18 

-18 

-17 

840125 

100941 

3 

-10 

-10 

-10 

-10 

-10 

-11 

-13 

-12 

-11 

-11 

-14 

*** 

-17 

-17 

ttt 

-18 

-18 

-17 

840125 

1 0 1 03Q 

3 

-10 

-  10 

-10 

- 1 1 

-10 

-1  1 

-13 

-13 

-11 

-11 

-14 

-15 

-18 

-17 

ttt 

-18 

*** 

-17 

8  1 0  1  2  5 

101129 

3 

-  1  0 

-10 

-10 

- 1 1 

-  9 

-11 

-13 

-13 

-11 

-11 

-14 

-15 

-17 

-17 

ttt 

-18 

-13 

-17 

8  10125 

121347 

3 

-11 

-11 

-11 

-12 

-11 

-12 

-13 

-13 

-12 

-12 

-13 

-14 

-12 

-14 

ttt 

-15 

-16 

-14 
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Table  C-2 

THERMOCOUPLE  TEMPERATURES 


THERMOCOUPLE  TEMPERATURES 


DATE 

TIME  VEH 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17  13 

840125 

110036 

3 

-11 

-10 

-11 

-11 

-10 

-12 

-14 

-13 

-12 

-12 

-14 

-15 

-16 

-16 

*** 

-17 

-18  -16 

840125 

121347 

3 

-11 

-11 

-11 

-12 

-11 

-12 

-13 

-13 

-12- 

-12 

-13 

-14 

-12 

-14 

ttt 

-15 

-16  -14 

840125 

140158 

3 

-11 

-11 

-10 

-11 

-11 

-11 

-  8 

-  9 

-10 

-10 

-10 

-11 

-  7 

-  9 

ttt 

-11 

-11  -12 

840125 

153614 

3 

-11 

-12 

-10 

-11 

-11 

-11 

-10 

-10 

-10 

-11 

-11 

-11 

-12 

-10 

ttt 

-11 

-11  -15 

840125 

154943 

3 

-11 

-12 

-10 

-11 

-11 

-11 

-  8 

-  9 

-10 

-10 

-11 

-11 

-  7 

-10 

ttt 

-12 

-12  -15 

840125 

155008 

3 

-11 

-11 

-10 

-11 

-10 

-11 

-  3 

-  7 

-10 

-11 

-11 

-10 

-  6 

-  8 

ttt 

-12 

-12  -15 

840125 

155048 

3 

-10 

-11 

-10 

-11 

-10 

-11 

3 

-  4 

-10 

-10 

-10 

-10 

-  7 

-  6 

ttt 

-12 

-12  -14 

840125 

155231 

3 

-  9 

-11 

-  9 

-11 

-10 

-10 

9 

1 

-  9 

-  9 

-10 

-  7 

-  6 

_  n 

ttt 

-  4 

85  -14 

340125 

155240 

3 

-  9 

-10 

-  9 

-11 

-10 

-10 

9 

1 

-  9 

-  9 

-10 

-  7 

-  6 

_  n 

ttt 

_  *■> 

98  -15 

340125 

155325 

*T 

-  8 

-  9 

-  ? 

i: 

-10 

-10 

1 1 

3 

-  9 

-  a 

-10 

-  1 

-  3 

-  1 

tt* 

8 

tt*  -15 

840125 

155425 

3 

-  6 

-  7 

-  8 

-10 

-10 

-10 

12 

5 

-  8 

-  7 

-  9 

6 

1 

0 

ttt 

23 

ttt  -15 

940125 

1 55613 

3 

-  4 

-  1 

-  8 

-  9 

-  9 

-  9 

15 

8 

-  6 

-  6 

-  6 

2! 

10 

3 

ttt 

49 

ttt  -14 

840125 

155713 

3 

_ 

3 

-  8 

-  9 

-  9 

-  9 

16 

10 

-  4 

-  5 

-  4 

28 

14 

4 

ttt 

60 

ttt  -15 

840125 

155839 

3 

-  0 

9 

-  7 

-  8 

-  8 

-  8 

19 

11 

-  1 

-  4 

-  1 

36 

20 

6 

ttt 

70 

ttt  -15 

940125 

155936 

3 

1 

12 

-  6 

-  8 

-  8 

-  8 

19 

12 

0 

_  t 

1 

40 

22 

6 

ttt 

75 

#**  -15 

940125 

160136 

3 

4 

16 

-  5 

_  i 

-  8 

-  7 

20 

14 

4 

_  -i 

5 

45 

27 

6 

ttt 

79 

***  -15 

840125 

160342 

3 

5 

20 

-  4 

-  7 

-  7 

-  6 

21 

17 

8 

-  0 

9 

47 

30 

2 

ttt 

81 

ttt  -15 

840125 

160442 

3 

4 

26 

-  3 

-  6 

-  7 

-  8 

TO 

•_  dm 

18 

3 

-  2 

11 

49 

31 

5 

ttt 

83 

ttt  -15 

840125 

160605 

3 

4 

21 

-  2 

-  6 

-  7 

-  6 

21 

19 

8 

-  0 

12 

51 

33 

7 

ttt 

87 

***  -15 

840125 

160805 

3 

5 

25 

__  o 

-  5 

-  6 

-  5 

22 

21 

13 

*» 

15 

52 

31 

7 

ttt 

90 

*t*  -14 

840125 

161031 

3 

8 

30 

-  1 

-  4 

-  5 

_  2 

23 

20 

17 

4 

16 

53 

30 

7 

ttt 

95 

***  -14 

840125 

161131 

3 

8 

31 

-  1 

-  4 

-  5 

-  1 

24 

20 

18 

5 

17 

56 

35 

9 

ttt 

97 

ttt  -15 

840125 

161431 

3 

12 

36 

1 

-  4 

-  4 

1 

27 

23 

21 

7 

20 

59 

39 

12 

ttt 

«** 

***  -15 

840125 

161835 

3 

15 

40 

3 

-  4 

-  4 

4 

29 

25 

24 

9 

23 

61 

42 

13 

ttt 

*** 

***  -15 

840125 

162041 

3 

15 

45 

4 

-  2 

-  3 

-  2 

30 

26 

14 

4 

24 

61 

42 

14 

ttt 

*** 

***  -15 

840125 

162141 

3 

15 

39 

4 

-  2 

-  3 

1 

29 

26 

17 

8 

25 

62 

42 

12 

ttt 

*** 

***  -15 

840125 

162241 

3 

14 

15 

1 

1 

-  3 

1 

26 

22 

16 

3 

24 

62 

42 

10 

ttt 

ttt 

***  -15 

840125 

162341 

3 

16 

16 

6 

6 

-  2 

6 

15 

15 

15 

-  1 

22 

37 

29 

11 

ttt 

ttt 

ttt  -15 

840125 

162441 

3 

18 

15 

8 

8 

-  1 

9 

13 

13 

14 

-  0 

22 

23 

22 

10 

ttt 

ttt  'ttt  -15 

840125 

162541 

3 

24 

21 

13 

13 

1 

13 

11 

9 

11 

-  4 

16 

18 

19 

7 

ttt 

tt* 

***  -15 

840125 

162641 

3 

36 

36 

24 

24 

9 

24 

18 

6 

10 

-  5 

16 

16 

17 

6 

ttt 

ttt 

***  -15 

840125 

162741 

3 

43 

43 

33 

32 

22 

32 

21 

6 

10 

-  5 

15 

14 

15 

8 

ttt 

ttt 

***  -15 

840125 

162841 

3 

50 

48 

40 

40 

30 

40 

-JO 

dm  dm 

5 

11 

-  4 

14 

13 

14 

8 

ttt 

ttt 

ttt  -15 

840125 

162941 

3 

52 

51 

47 

46 

36 

45 

23 

7 

12 

-  3 

13 

10 

8 

3 

ttt 

ttt 

***  -15 

840125 

163041 

3 

56 

55 

51 

50 

41 

50 

22 

8 

11 

-  2 

12 

9 

7 

3 

ttt 

ttt 

ttt  -15 

840125 

163141 

3 

61 

58 

57 

56 

47 

56 

25 

8 

12 

-  1 

11 

8 

5 
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-  6 

ttt 

37 

38 

840127 

130651 

3 

67 

74 

72 

56 

66 

62 

28 

18 

24 

1? 

2 

0 

-  4 

-  6 

ttt 

34 

34 

840127 

130851 

3 

66 

74 

71 

56 

66 

60 

27 

12 

27 

20 

2 

-  0 

-  4 

-  6 

ttt 

30 

28 

840127 

130951 

3 

66 

73 

70 

56 

66 

59 

27 

18 

27 

21 

2 

-  0 

-  4 

-  6 

ttt 

28 

28 

840127 

153055 

3 

31 

33 

34 

24 

32 

23 

8 

10 

21 

1? 

-  4 

-  6 

-10 

-  9 

ttt 

-10 

-10 

840127 

155416 

3 

27 

29 

30 

22 

2? 

20 

6 

8 

1? 

17 

-  4 

-  6 

-10 

-  9 

ttt 

-11 

-11 

840127 

162311 

3 

23 

25 

26 

18 

25 

16 

4 

6 

16 

14 

-  5 

-  7 

-10 

-10 

ttt 

-11 

-11 

840127 

165523 

3 

1? 

20 

22 

15 

21 

14 

2 

4 

14 

12 

-  6 

-  8 

-11 

-11 

ttt 

-12 

-11 

840127 

173123 

3 

15 

17 

18 

12 

17 

11 

0 

3 

11 

9 

-  7 

-  8 

-11 

-11 

ttt 

-12 

-12 

840127 

181758 

3 

12 

13 

14 

8 

13 

9 

-  1 

1 

7 

7 

-  7 

-  8 

-10 

-11 

ttt 

-11 

-12 

840127 

182347 

3 

11 

12 

13 

8 

13 

8 

-  1 

-  0 

7 

6 

ttt 

-12 

-12 

-11 

ttt 

-11 

-12 

840127 

183750 

3 

10 

11 

12 

7 

12 

7 

-  1 

-  1 

6 

5 

9 

-12 

-11 

-11 

ttt 

-11 

-12 

840127 

193624 

3 

7 

7 

8 

5 

8 

5 

-  3 

-  1 

3 

3 

8 

-12 

-11 

-11 

ttt 

-12 

-12 

840127 

205154 

3 

4 

4 

4 

5 

2 

-  4 

-  2 

1 

1 

4 

-11 

-11 

-11 

ttt 

-12 

-12 

UNCLASSIFIED 


UNCLASSIFIED 


84012.7  225908  3 
840128  020941  3 
840128  080051  3 


Table  C-4  (Cont'd) 
THERMOCOUPLE  TEMPERATURES 


0-0-0-1  1-1-4-4-2-1  0  -10  -10  -10  *** 

3-3-3-4-3-4-7-7-5-5-3-11-11  -10  **t 
7-7-7-?-6-  8-9-9-8-S-8  -12  -11  -11  *** 


UNCLASSIFIED 


/*< W  V  ’/  V  V  V  ■/  V  V  <■„  ««* , «  «• 


S  S 


UNCLASSIFIED 


&8 

13 


8  9  8  8 


2  8  8 


8  8  9  8  8  2  a 
lSniD13D)  S33«93a 

UNCLASSIFIED 


UNCLASSIFIED 
Table  C-5 

THERMOCOUPLE  TEMPERATURES 


/C-16 


THERMOCOUPLE  TEMPERATURES 


DATE 

TIME 

VEH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

1  7 

19 

840128 

103021 

3 

-  8 

-  8 

-  8 

-  8 

-  8 

-  9 

-10 

-10 

-  9 

-  9 

-  9 

-11 

-11 

_ 

1  1 

*** 

-11 

-12 

_ 

1  1 

840128 

110250 

3 

-  8 

-  8 

-  8 

-  9 

-  8 

-  9 

-  6 

-  8 

-  9 

-  9 

-  8 

-  9 

-  7 

_ 

8 

ttt 

-10 

-11 

_ 

10 

840129 

110350 

3 

-  8 

-  8 

-  8 

-  8 

-  8 

-  9 

_  o 

-  4 

-  9 

-  9 

-  8 

-  8 

-  5 

8 

*** 

-  9 

9 

- 

10 

940128 

110450 

3 

-  7 

-  8 

-  8 

-  8 

-  8 

-  8 

0 

-  0 

-  9 

-  9 

-  8 

-  3 

5 

_ 

9 

»** 

-  1 

ttt 

_ 

10 

840128 

110550 

3 

-  7 

-  8 

-  8 

-  8 

-  8 

-  6 

2 

2 

-  9 

-  8 

-  7 

4 

1 

_ 

8 

ttt 

10 

ttt 

10 

840128 

110650 

3 

-  6 

-  7 

-  8 

-  7 

-  7 

-  5 

3 

3 

-  8 

-  7 

-  5 

13 

3 

_ 

7 

ttt 

24 

ttt 

10 

840128 

110750 

3 

-  5 

-  6 

-  8 

-  7 

-  7 

-  3 

5 

5 

-  7 

-  6 

-  4 

21 

9 

6 

ttt 

39 

ttt 

_ 

10 

840128 

110850 

3 

-  4 

-  4 

-  7 

-  6 

-  7 

_  n 

5 

7 

-  5 

w  5 

_  9 

29 

14 

_ 

5 

ttt 

53 

ttt 

_ 

10 

840128 

110950 

3 

_  *7 

-  0 

-  7 

-  6 

-  6 

-  1 

6 

8 

-  3 

-  5 

0 

36 

13 

_ 

4 

ttt 

63 

ttt 

1  0 

940128 

111037 

3 

_  n 

0 

-  6 

-  6 

-  6 

0 

8 

10 

_  9 

-  4 

2 

40 

21 

3 

ttt 

70 

ttt 

_ 

9 

840128 

111117 

3 

_  2 

1 

-  6 

-  6 

-  6 

1 

8 

10 

-  0 

-  3 

4 

44 

24 

9 

ttt 

75 

ttt 

9 

840128 

111217 

3 

-  1 

4 

-  6 

-  5 

-  6 

o 

9 

11 

9 

_  O 

6 

48 

26 

_ 

9 

ttt 

82 

ttt 

_ 

9 

840128 

111417 

3 

0 

8 

-  5 

-  4 

-  5 

4 

1  1 

13 

6 

-  0 

11 

54 

31 

_ 

9 

ttt 

88 

ttt 

_ 

9 

840128 

111512 

3 

0 

12 

-  5 

-  4 

-  5 

5 

10 

13 

8 

0 

13 

57 

32 

_ 

1 

ttt 

91 

ttt 

_ 

10 

340128 

111712 

3 

n 

14 

-  4 

-  4 

—  5 

6 

1 1 

16 

11 

9 

16 

60 

36 

_ 

0 

ttt 

95 

ttt 

_ 

9 

840128 

112012 

3 

4 

17 

-  3 

-  3 

-  5 

9 

14 

18 

15 

4 

21 

63 

38 

1 

ttt 

97 

ttt 

9 

840128 

112528 

3 

6 

25 

-  1 

-  2 

-  4 

11 

15 

17 

19 

6 

27 

67 

41 

2 

ttt 

*** 

ttt 

_ 

9 

840128 

112917 

3 

9 

27 

-  0 

-  1 

-  3 

12 

16 

20 

21 

7 

29 

69 

43 

7 

ttt 

ttt 

ttt 

_ 

10 

840128 

113417 

3 

9 

32 

1 

-  1 

-  2 

14 

18 

22 

23 

8 

32 

71 

44 

7 

ttt 

ttt 

ttt 

_ 

9 

840128 

113831 

3 

11 

36 

2 

-  1 

-  1 

14 

19 

24 

24 

9 

34 

72 

46 

7 

ttt 

ttt 

ttt 

_ 

9 

840128 

114345 

3 

13 

40 

3 

-  0 

0 

16 

22 

26 

25 

11 

36 

72 

46 

9 

ttt 

ttt 

ttt 

_ 

9 

840128 

114745 

3 

16 

45 

4 

1 

1 

16 

24 

28 

26 

12 

38 

72 

47 

10 

ttt 

ttt 

ttt 

_ 

9 

840128 

115245 

3 

18 

50 

6 

2 

3 

17 

25 

30 

27 

14 

39 

72 

47 

11 

ttt 

98 

ttt 

9 

840128 

115745 

3 

20 

55 

7 

3 

5 

18 

26 

31 

28 

15 

40 

72 

48 

12 

ttt 

*** 

ttt 

_ 

8 

840128 

120135 

3 

22 

59 

9 

4 

6 

19 

28 

32 

29 

16 

40 

72 

48 

12 

ttt 

98 

ttt 

8 

840128 

120835 

3 

24 

63 

11 

5 

8 

21 

28 

33 

31 

18 

41 

73 

49 

11 

ttt 

ttt 

ttt 

_ 

9 

840128 

121255 

3 

25 

66 

11 

6 

8 

21 

4 

22 

31 

18 

40 

51 

19 

8 

ttt 

ttt 

ttt 

_ 

9 

840128 

121355 

3 

25 

66 

11 

6 

9 

21 

5 

18 

31 

17 

37 

36 

9 

6 

ttt 

ttt 

ttt 

9 

840128 

121555 

3 

24 

65 

10 

5 

9 

18 

5 

16 

29 

15 

33 

31 

7 

4 

ttt 

ttt 

ttt 

_ 

9 

840128 

121655 

3 

24 

65 

10 

5 

9 

17 

2 

19 

28 

15 

31 

26 

4 

3 

ttt 

ttt 

ttt 

_ 

9 

840128 

121755 

3 

24 

65 

9 

5 

9 

16 

6 

19 

27 

14 

29 

25 

4 

3 

ttt 

ttt 

ttt 

_ 

9 

840128 

121855 

3 

24 

64 

9 

5 

9 

16 

2 

18 

26 

14 

28 

24 

4 

3 

ttt 

ttt 

ttt 

_ 

9 

840129 

122055 

3 

24 

64 

9 

5 

9 

14 

6 

19 

24 

13 

25 

20 

1 

1 

ttt 

ttt 

ttt 

_ 

9 

840128 

122355 

3 

24 

63 

9 

5 

9 

14 

5 

20 

23 

12 

22 

15 

_ 

1 

0 

ttt 

ttt 

ttt 

__ 

8 

840128 

122455 

3 

24 

62 

9 

5 

10 

14 

5 

21 

23 

12 

21 

15 

0 

1 

ttt 

ttt 

96 

_ 

8 

840128 

122612 

3 

24 

62 

9 

5 

9 

14 

6 

20 

22 

12 

20 

14 

- 

1 

_ 

0 

ttt 

ttt 

86 

8 

840128 

122712 

3 

25 

61 

9 

5 

10 

14 

5 

20 

22 

12 

19 

13 

_ 

0 

_ 

0 

ttt 

ttt 

78 

8 

840128 

122812 

3 

24 

61 

9 

5 

10 

14 

2 

18 

22 

12 

19 

12 

_ 

0 

_ 

0 

ttt 

ttt 

70 

_ 

8 

840129 

122912 

3 

24 

61 

8 

5 

10 

14 

_  n 

4m 

16 

21 

12 

18 

12 

- 

0 

_ 

0 

ttt 

ttt 

62 

9 

840128 

123012 

3 

24 

60 

8 

5 

9 

13 

n 

15 

21 

11 

17 

12 

- 

1 

_ 

1 

ttt 

97 

57 

- 

LO 

840128 

123112 

3 

24 

60 

8 

5 

10 

13 

-  i 

12 

21 

11 

17 

12 

0 

_ 

1 

ttt 

93 

51 

9 

840128 

123327 

3 

24 

59 

8 

5 

10 

12 

0 

13 

19 

1 1 

16 

1 1 

- 

1 

_ 

2 

ttt 

86 

43 

_ 

9 

840128 

123527 

3 

24 

58 

8 

6 

10 

11 

i 

15 

18 

10 

15 

9 

- 

2 

2 

ttt 

78 

37 

_ 

8 

840128 

123627 

3 

24 

58 

8 

6 

10 

10 

i 

13 

18 

10 

15 

9 

- 

1 

_ 

9 

4~ 

ttt 

75 

33 

— 

8 

840128 

123827 

3 

24 

57 

7 

6 

9 

10 

-  3 

10 

17 

10 

14 

9 

_ 

1 

_ 

2 

ttt 

69 

26 

_ 

0 

840128 

124027 

3 

24 

56 

7 

6 

9 

9 

__  2 

9 

17 

9 

14 

9 

1 

_ 

2 

ttt 

63 

23 

_ 

9 

840128 

124127 

3 

24 

55 

7 

6 

9 

8 

3 

12 

16 

9 

14 

7 

_ 

3 

_ 

3 

ttt 

61 

22 

8 

840128 

124236 

3 

24 

55 

7 

6 

9 

8 

-  2 

11 

15 

9 

13 

7 

_ 

3 

_ 

1 

ttt 

58 

18 

_ 

9 

840128 

124436 

3 

23 

54 

7 

6 

9 

8 

1 

13 

15 

8 

13 

6 

_ 

4 

_ 

3 

ttt 

53 

16 

_ 

8 

840128 

124636 

3 

23 

53 

7 

6 

9 

7 

1 

12 

14 

8 

12 

5 

4 

_ 

3 

ttt 

49 

12 

_ 

8 

840128 

125153 

3 

19 

51 

7 

6 

9 

3 

-  2 

9 

14 

8 

12 

4 

_ 

4 

_ 

4 

ttt 

39 

5 

9 

840128 

125353 

3 

18 

50 

6 

6 

9 

7 

2 

15 

13 

7 

11 

3 

_ 

5 

_ 

4 

ttt 

35 

5 

_ 

8 

840128 

125653 

3 

18 

49 

6 

6 

9 

8 

2 

15 

13 

8 

10 

2 

_ 

6 

_ 

5 

ttt 

31 

2 

8 

840128 

130053 

3 

17 

48 

6 

6 

9 

9 

1 

16 

13 

9 

10 

1 

_ 

5 

_ 

2 

ttt 

26 

-  l 

8 

840128 

130457 

3 

17 

46 

6 

6 

9 

9 

-  0 

15 

14 

9 

9 

1 

_ 

6 

5 

ttt 

22 

-  2 

7 

840128 

130957 

3 

17 

44 

6 

6 

9 

9 

2 

16 

14 

9 

9 

1 

_ 

6 

_ 

5 

ttt 

1  7 

-  3 

_ 

8 

840128 

131257 

3 

17 

44 

6 

6 

9 

9 

-  3 

13 

14 

9 

8 

0 

_ 

7 

_ 

5 

ttt 

13 

-  4 

_ 

8 

840128 

131357 

3 

16 

43 

.6 

6 

9 

9 

2 

15 

14 

9 

8 

-  0 

_ 

6 

_ 

5 

ttt 

13 

-  4 

8 

840128 

131457 

3 

16 

43 

6 

6 

9 

9 

-  3 

12 

14 

9 

8 

0 

- 

6 

- 

5 

ttt 

12 

-  5 

- 

8 

UNCLASSIFIED 


THERMOCOUPLE  temperatures 


>  *«*- 1«»  t 


UNCLASSIFIED 

Table  C-6 

THERMOCOUPLE  TEMPERATURES 

THERMOCOUPLE  TEMPERATURES  - 


/C-19 


DATE 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

940129 

840129 

940129 

840129 

840129 

840129 

840129 

340129 

340129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840129 

840130 

840130 

840130 

840130 


TIME  1 

OEH 

1 

o 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12  13  14 

15  16 

103044 

3 

-  6 

-  6 

-  6 

-  6 

-  5 

-  7 

-  8 

-  9 

-  7 

-  7 

-  9 

-10  -11  -12 

**«  -11 

104444 

3 

0 

-  2 

-  3 

-  4 

-  6 

-.  4 

—  5 

-  8 

-  7 

-  9 

-  9 

-10  -11  -11 

***  -11 

104544 

3 

9 

5 

1 

1 

-  6 

1 

-  5 

-  8 

-  7 

-10 

-10 

-10  -11  -11 

***  -11 

104644 

3 

13 

10 

5 

5 

-  5 

5 

-  5 

-  8 

-  6 

-  9 

-  9 

-10  -11  -11 

ttt  -11 

104744 

3 

17 

13 

9 

9 

-  4 

9 

-  4 

-  7 

-  6 

-  9 

-  9 

-10  -11  -11 

ttt  -11 

104944 

3 

23 

19 

16 

15 

-  1 

16 

-  3 

-  6 

-  5 

-  8 

-  9 

-  9  -11  -12 

ttt  -11 

105144 

3 

26 

21 

IS 

15 

3 

17 

-  2 

-  5 

-  5 

-  7 

-10 

-10  -11  -11 

ttt  -11 

105344 

3 

32 

27 

24 

°2 

8 

23 

-  1 

-  4 

-  3 

-  6 

-  9 

-  9  -11  -11 

***  -11 

105544 

3 

37 

30 

29 

-it 

13 

29 

0 

-  3 

_ 

—  5 

-10 

-10  -11  -11 

ttt  -12 

105744 

3 

41 

33 

34 

33 

18 

3  *7 

o 

_  <■> 

-  1 

-  4 

-10 

-10  -12  -12 

ttt  -12 

105907 

3 

44 

40 

37 

35 

t'i 

36 

o 

4m 

-  1 

-  0 

-  3 

-  9 

-  9  -11  -11 

***  -11 

110107 

3 

47 

44 

41 

40 

26 

40 

6 

1 

1 

_  •) 

-  9 

-  9  -11  -11 

***  -11 

110307 

3 

51 

49 

45 

44 

31 

44 

7 

3 

-> 

-  1 

-  9 

-  9  -11  -11 

***  -11 

110607 

3 

54 

53 

50 

43 

37 

49 

9 

4 

4 

1 

-  9 

-  9  -11  -11 

***  -11 

110910 

3 

57 

57 

54 

52 

43 

53 

11 

6 

6 

n 

-  9 

-  9  -11  -11 

ttt  -11 

111110 

3 

60 

60 

57 

55 

49 

55 

13 

8 

7 

3 

-  9 

-  9  -11  -11 

***  -11 

111357 

3 

63 

63 

60 

58 

54 

59 

15 

9 

8 

5 

-  9 

-  9  -10  -11 

ttt  -11 

112816 

3 

77 

75 

74 

72 

70 

73 

26 

14 

15 

9 

-  9 

-  9  -10  -10 

***  -11 

112916 

3 

77 

78 

72 

68 

70 

71 

27 

18 

16 

8 

-  9 

-  9  -10  -10 

ttt  -11 

113516 

3 

79 

79 

74 

72 

72 

73 

28 

23 

19 

10 

-  9 

-  9  -10  -11 

ttt  -11 

113816 

3 

79 

80 

7S 

74 

72 

74 

32 

26 

20 

11 

-  9 

-  9  -10  -10 

***  -11 

114116 

3 

76 

79 

75 

72 

72 

72 

34 

27 

23 

16 

-  9 

-  9  -10  -10 

***  -10 

114316 

3 

75 

78 

75 

72 

72 

71 

33 

27 

25 

20 

-  9 

-9-9-10 

**t  -10 

114622 

3 

73 

78 

74 

71 

72 

68 

32 

27 

26 

25 

-  9 

-9-9-10 

***  -10 

115011 

3 

72 

77 

72 

68 

71 

66 

31 

26 

28 

29 

-  9 

-8-9-10 

***  -10 

115611 

3 

70 

75 

70 

66 

69 

62 

29 

26 

30 

33 

-  8 

-9-9-10 

***  -10 

120509 

3 

66 

72 

67 

63 

66 

58 

28 

25 

33 

35 

-  8 

-9-9-10 

***  -10 

121657 

3 

63 

67 

64 

60 

63 

54 

27 

22 

34 

34 

-  8 

-  8  -  8  -  9 

***  -10 

122957 

3 

59 

63 

61 

56 

60 

52 

26 

23 

35 

34 

-  8 

-  8  -  8  -  9 

***  -  9 

124257 

3 

56 

59 

58 

52 

57 

49 

25 

22 

34 

32 

-  8 

-  8  -  8  -  9 

ttt  -  9 

125757 

3 

52 

55 

55 

48 

54 

46 

24 

21 

33 

32 

-  8 

-  8  -  8  -  9 

***  -  9 

131457 

3 

49 

51 

52 

44 

51 

43 

23 

20 

32 

29 

-  8 

-  8  -  8  -  9 

***  -  9 

133157 

3 

45 

47 

49 

41 

48 

40 

22 

18 

30 

26 

-  8 

-  8  -  9  -  9 

ttt  -  9 

135157 

3 

42 

43 

45 

37 

45 

37 

20 

15 

29 

23 

-  8 

-  8  -  8  -  8 

***  -  9 

141357 

3 

38 

38 

42 

34 

41 

34 

18 

14 

26 

21 

-  8 

-  8  -  8  -  8 

***  -  9 

143928 

3 

34 

34 

38 

31 

38 

31 

16 

13 

24 

20 

-  8 

-  8  -  8  -  8 

ttt  -  9 

150754 

3 

30 

30 

34 

27 

34 

28 

15 

12 

22 

18 

-  8 

-8-7-8 

#**  -  9 

154307 

3 

26 

26 

30 

24 

31 

25 

13 

9 

19 

16 

-  8 

-7-7-7 

ttt  -  8 

160215 

3 

1 

24 

28 

22 

29 

*** 

12 

9 

18 

14 

ttt 

-  7  -  8  -  8 

ttt  ttt 

160440 

3 

*** 

24 

28 

*»** 

28 

1 

12 

9 

18 

14 

ttt 

-  7  -  8  -  8 

ttt  ttt 

160534 

3 

*** 

24 

28 

22 

28 

*** 

11 

9 

18 

14 

1 

-  8  -  8  -  8 

ttt  ttt 

160712 

3 

*** 

24 

28 

22 

28 

*** 

11 

8 

17 

14 

*** 

-  7  -  7  -  8 

ttt  1 

161211 

3 

1 

23 

27 

22 

28 

*** 

11 

8 

17 

13 

*** 

-  8  -  8  -  8 

***  *** 

163249 

3 

*** 

21 

25 

20 

26 

*** 

10 

8 

16 

13 

*** 

-  8  -  8  -  8 

***  98 

163715 

3 

22 

21 

25 

20 

25 

20 

10 

8 

16 

13 

-  7 

-  7  -  8  -  8 

***  -  8 

172325 

3 

18 

17 

21 

16 

22 

17 

7 

6 

13 

10 

-  8 

-  8  -  9  -  9 

ttt  -  9 

175425 

3 

16 

15 

18 

14 

19 

14 

5 

2 

10 

7 

-  8 

-  9  -  9  -  9 

ttt  -10 

185227 

3 

12 

11 

14 

11 

15 

11 

3 

0 

7 

4 

-  9 

-  9  -10  -10 

***  -10 

204510 

3 

7 

6 

7 

6 

9 

6 

-  1 

-  3 

2 

-  1 

-10 

-10  -11  -11 

ttt  -11 

223337 

3 

2 

2 

3 

1 

4 

1 

-  4 

-  6 

-  1 

-  4 

-11 

-11  -12  -12 

ttt  -12 

001259 

3 

-  1 

-  1 

-  1 

-  2 

-  0 

-  2 

-  6 

-  6 

-  4 

-  3 

-12 

-12  -14  -14 

***  -14 

024659 

3 

-  5 

-  5 

-  5 

-  6 

-  4 

-  6 

-  9 

-  9 

-  7 

-  7 

-15 

-14  -16  -16 

ttt  -16 

054259 

3 

-  9 

-  8 

-  9 

-  9 

-  8 

-10 

-13 

-12 

-10 

-11 

-17 

-17  -19  -19 

ttt  -19 

092936 

3 

-13 

-12 

-13 

-13 

-12 

-14 

-15 

-15 

-13 

-14 

-17 

-18  -18  -19 

***  -19 

17 

18 

-11 

-12 

-12 

-12 

-12 

-12 

-12 

-12 

-12 

-12 

-12 

-11 

-12  *** 
-12  -11 
-12  -11 
-12  -11 
-12  -12 
-12  -11 
-12  -11 
-12  -11 
-12  -11 
-12  -12 
-11  -11 
-11  -11 
-11  -11 
-11  -11 
-11  -11 
-11  -11 
-11  -12 
-11  -11 
-11  -11 
-11  -10 
-10  -10 
-10  -11 
-10  -11 
-10  -11 
-10  -11 
-10  -10 

-  9  -  9 

-  9  -10 
-10  -11 

-  9  -11 

-  9  -10 

-  9  -11 

-  9  -10 

-  9  -  9 

-  9  -10 

-  9  -10 

-  9  -10 

-  9  -11 

-  9  -11 
-10  -11 
-10  -12 
-10  -13 
-11  -13 
-12  -14 
-14  -18 
-16  -21 
-19  -24 
-20  -17 


UNCLASSIFIED 


! 

If 

I 


V 

& 

:i 


840129  103000 
840130  303000 


UNCLASSIFIED 

Table  C-7 

THERMOCOUPLE  TEMPERATURES 


/  C  -  2 1 


DATE 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

340130 

340130 

340130 

840130 

340130 

340130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 

840130 


TIME  VEH 
123055  3 
125655  3 
125845  3 
125948  3 
130048  3 
130148  3 
130248  3 
130347  3 
130510  3 
130610  3 
130746  3 
130846  3 
130946  3 
131146  3 
131246  3 
131540  3 
131909  3 
132109  3 
132209  3 
132409  3 
132743  3 
133231  3 
133542  3 
133713  3 
133913  3 
133913  3 
134013  3 
134113  3 
134313  3 
134413  3 
134513  3 
134613  3 
134813  3 
135013  3 
135113  3 
135313  3 
135413  3 
135513  3 
135613  3 
135713  3 
135313  3 
135913  3 
140013  3 
140213  3 
140413  3 
140613  3 
140843  3 
141043  3 
141255  3 
141455  3 
141655  3 
141942  3 
142142  3 
142359  3 
142559  3 
142859  3 
143259  3 
143759  3 
144800  3 


-12  -13 
-12  -13 
-11  -12 
-11  -12 
-10  -11 
-9-7 
-  3  -  4„ 
-7-1 


10  31 

12  35 

12  35 

13  37 

12  20 
16  19 

19  19 

21  17 

26  22 
32  31 

36  36 

40  33 

43  38 

45  42 

47  44 

49  46 

50  49 

51  50 

52  50 

53  51 

53  52 

55  54 

57  56 

59  53 

62  60 
64  63 

68  65 

71  69 

73  70 

75  74 

75  75 

73  75 

71  74 

70  74 

68  74 

67  73 

66  71 

1 3  68 


THERMOCOUPLE  T 
3  4  5  6 

-13  -13  -12  -13 
-12  -13  -12  -13 
-12  -13  -12  -12 
-12- -13  -11  -11 
-11  -12  -11  -10 
-11  -12  -11  -  8 
-11  -12  -11  -  7 
-11  -11  -11  -  6 
-10  -11  -10  -  4 
-10  -10  -10  -  4 

-  9  -  9  -  9  -  2 

-  9  -  8  -  9  -  3 

-  8  -  7  -  9  -  3 

-  8  -  8  -  9  -  1 

-  7  -  3  -  9  -  0 

-6-7-7  3 

-5-6-6  5 

-4-5-6  2 

-4-5-6  1 

-4-5-5  4 

-3-4-4  6 

-1-3-3  9 

-1-3-2  10 

-0-2-2  11 

0-2-2  It 

-  0  0-1-0 

5  5-1  5 

10  10  0  10 
12  11  3  12 

16  14  5  15 

20  19  9  20 

24  23  15  24 

30  28  17  29 

34  32  21  33 

35  34  23  35 

39  37  27  38 

40  39  30  40 

42  40  34  41 

43  42  36  42 

44  43  39  44 

46  44  41  45 

47  45  42  46 

43  47  44  47 

50  49  46  49 

52  51  48  51 

53  52  51  53 

56  55  54  55 

59  58  57  59 

63  62  60  62 

65  64  63  65 

68  66  64  67 

69  67  64  68 

68  67  64  67 

68  67  65  66 

68  67  66  64 

67  66  66  62 

66  65  66  59 

64  63  64  57 

61  60  61  54 


TEMPERATURES 


7 

8 

9 

10 

11 

12 

13 

13 

-13 

-12 

-13 

-12 

-12 

-13 

10 

-11 

-13 

-13 

-11 

-10 

-  8 

4 

-  6 

-12 

-12 

-11 

-  9 

-  5 

3 

-  4 

-12 

-11 

-10 

-  5 

-  4 

-> 

_  -> 

-12 

-11 

-  9 

0 

_  "t 

0 

0 

-11 

-10 

-  7 

8 

3 

1 

1 

-11 

-  9 

-  4 

16 

9 

3 

3 

-10 

-  8 

-  1 

25 

14 

5 

4 

-  7 

-  7 

5 

35 

20 

5 

7 

-  5 

-  6 

9 

40 

24 

7 

7 

-  -> 

-  4 

15 

45 

27 

7 

6 

-  4 

-  7 

19 

47 

29 

7 

7 

-  4 

-  7 

n  n 

49 

30 

8 

9 

1 

-  4 

26 

55 

33 

9 

10 

4 

-  2 

29 

57 

36 

11 

10 

9 

-  0 

35 

62 

39 

13 

12 

12 

40 

64 

42 

13 

13 

11 

1 

42 

60 

38 

13 

13 

6 

-  1 

42 

58 

37 

13 

15 

12 

o 

42 

63 

40 

15 

17 

17 

4 

45 

68 

45 

16 

18 

19 

6 

48 

69 

46 

17 

19 

20 

7 

49 

68 

46 

15 

18 

21 

8 

49 

53 

32 

13 

14 

19 

8 

45 

42 

22 

11 

12 

10 

5 

42 

36 

15 

13 

8 

10 

1 

38 

33 

11 

12 

5 

8 

-  3 

35 

30 

8 

7 

5 

8 

-  4 

28 

26 

6 

10 

4 

7 

-  5 

25 

24 

5 

11 

4 

6 

-  7 

23 

23 

3 

6 

4 

6 

-  7 

22 

22 

3 

9 

5 

6 

-  5 

19 

18 

•> 

8 

5 

6 

-  4 

16 

16 

1 

11 

5 

7 

-  4 

14 

15 

1 

12 

6 

7 

-  3 

13 

13 

-  1 

15 

6 

7 

-  3 

12 

12 

-  1 

13 

7 

8 

-  3 

12 

12 

-  1 

13 

7 

8 

_  n 

11 

11 

-  1 

13 

6 

9 

-  2 

10 

10 

-  1 

14 

8 

9 

-  i 

10 

9 

-  2 

13 

7 

9 

-  i 

9 

8 

-  4 

15 

9 

10 

-  i 

9 

8 

-  4 

17 

10 

11 

0 

7 

7 

-  4 

20 

12 

11 

1 

7 

6 

-  4 

18 

10 

11 

-  1 

6 

5 

-  5 

23 

12 

12 

-  0 

5 

4 

-  6 

25 

13 

13 

-  0 

5 

4 

-  5 

24 

15 

14 

1 

4 

3 

-  5 

24 

17 

15 

2 

4 

2 

-  6 

25 

20 

16 

2 

3 

2 

-  6 

32 

27 

18 

5 

3 

2 

-  5 

32 

26 

21 

10 

3 

1 

—  5 

32 

28 

23 

15 

2 

1 

-  5 

31 

29 

24 

19 

2 

1 

-  4 

29 

29 

27 

24 

2 

1 

-  2 

30 

29 

29 

29 

2 

1 

-  2 

30 

29 

31 

33 

O 

1 

-  2 

29 

28 

34 

36 

2 

1 

-  2 

[CLASSIFIED 

UNCLASSIFIED 


/C-22 


Table  C-7  (Cont'd) 
THERMOCOUPLE  TEMPERATURES 


840130 

145934 

3 

60 

64 

59 

56 

59 

51 

28 

28 

35 

38 

1 

1 

- 

2 

- 

2 

-  1 

8 

1 

-10 

840130 

154019 

3 

50 

53 

52 

45 

51 

41 

25 

24 

36 

34 

- 

0 

- 

0 

3 

3 

_  n 

4k 

1 

- 

7 

-  8 

340130 

155540 

3 

47 

49 

49 

41 

48 

39 

23 

2° 

35 

32 

- 

1 

- 

1 

- 

4 

- 

4 

0 

- 

1 

- 

4 

-  8 

840130 

141419 

3 

43 

45 

45 

37 

45 

37 

21 

2*1 

31 

30 

- 

1 

1 

- 

4 

- 

5 

*** 

- 

3 

“ 

4 

-  9 

840130 

143621 

3 

39 

41 

42 

34 

42 

33 

20 

20 

31 

28 

- 

1 

- 

1 

- 

4 

- 

4 

#** 

- 

4 

- 

5 

-  9 

340130 

165654 

3 

36 

37 

39 

31 

39 

32 

15 

16 

28 

26 

- 

7 

- 

7 

- 

4 

- 

5 

*** 

5 

5 

-  8 

840130 

170254 

3 

35 

36 

38 

28 

38 

32 

9 

15 

26 

24 

- 

7 

- 

7 

- 

5 

- 

5 

*** 

- 

5 

- 

5 

-  9 

840130 

170454 

3 

34 

36 

37 

28 

38 

32 

5 

15 

25 

24 

- 

2 

- 

2 

- 

5 

- 

5 

*** 

- 

5 

- 

5 

-  8 

940130 

170554 

3 

34 

35 

37 

28 

38 

32 

12 

16 

25 

24 

- 

2 

- 

2 

- 

5 

- 

5 

#** 

- 

5 

- 

5 

-  8 

840130 

172925 

3 

31 

32 

34 

26 

34 

27 

14 

16 

24 

23 

- 

2 

- 

3 

- 

5 

- 

5 

*** 

- 

6 

- 

6 

-  9 

840130 

180125 

3 

27 

29 

30 

23 

31 

25 

13 

14 

21 

20 

- 

3 

- 

4 

- 

6 

- 

6 

*** 

- 

6 

- 

6 

-  9 

840130 

184037 

3 

23 

23 

26 

20 

27 

22 

10 

13 

18 

18 

- 

4 

- 

4 

- 

6 

- 

6 

*** 

- 

7 

- 

6 

-  9 

840130 

184137 

3 

23 

24 

26 

20 

27 

22 

0 

10 

18 

13 

- 

4 

- 

4 

- 

6 

- 

6 

- 

6 

- 

7 

-  9 

840130 

184337 

3 

23 

24 

25 

19 

27 

22 

-  4 

9 

18 

17 

- 

3 

- 

4 

- 

5 

- 

6 

*** 

- 

6 

- 

6 

-  9 

840130 

184637 

3 

23 

23 

23 

19 

26 

20 

4 

9 

16 

16 

- 

4 

- 

4 

6 

- 

6 

*** 

- 

7 

- 

7 

-  9 

840130 

185037 

3 

22 

22 

24 

19 

26 

20 

8 

11 

15 

16 

- 

4 

- 

4 

- 

6 

- 

6 

*** 

- 

7 

“ 

7 

-  9 

840130 

193916 

3 

18 

18 

20 

16 

22 

18 

8 

10 

14 

14 

*»» 

- 

7 

- 

7 

- 

6 

*** 

7 

- 

7 

-  8 

840130 

203154 

3 

15 

15 

16 

13 

18 

14 

6 

8 

12 

12 

- 

7 

- 

6 

- 

6 

*** 

- 

7 

- 

7 

-  9 

840130 

213748 

3 

12 

11 

13 

10 

15 

11 

4 

6 

9 

9 

*** 

- 

8 

- 

7 

- 

8 

77 

- 

8 

- 

8 

-10 

840130 

222921 

3 

9 

9 

10 

B 

12 

9 

2 

4 

7 

7 

8 

- 

4 

- 

8 

- 

8 

*%* 

- 

9 

- 

9 

-11 

840130 

235821 

3 

6 

6 

6 

5 

8 

5 

-  0 

1 

4 

4 

4 

- 

5 

- 

9 

- 

9 

- 

9 

- 

9 

-13 

840131 

020521 

3 

3 

2 

2 

1 

4 

2 

-  2 

-  1 

1 

1 

0 

- 

6 

- 

9 

- 

9 

*** 

- 

9 

- 

9 

-  9 

840131 

050321 

3 

-  1 

-  1 

-  1 

-  1 

-  0 

-  2 

-  4 

-  4 

-  2 

-  2 

- 

3 

7 

- 

10 

- 

10 

*** 

- 

10 

- 

10 

-15 

840131 

090129 

3 

-  5 

-  4 

-  5 

-  5 

-  4 

-  5 

-  8 

-  7 

-  6 

-  6 

- 

7 

11 

- 

13 

- 

12 

*** 

- 

13 

- 

13 

-14 

840131 

104137 

3 

-  6 

-  6 

-  6 

-  6 

-  5 

-  7 

-  8 

-  8 

-  7 

-  7 

- 

8 

9 

10 

- 

8 

*** 

- 

11 

- 

12 

-  9 

84013-1 

114637 

3 

-  4 

-  6 

-  6 

-  6 

-  6 

-  6 

-  6 

-  7 

-  6 

-  6 

- 

7 

- 

7 

- 

6 

- 

4 

*** 

8 

- 

8 

-  6 

UNCLASSIFIED 


UNCLASSIFIED 


/C-24 


Table  C-8 

THERMOCOUPLE  TEMPERATURES 

THERMOCOUPLE  TEMPERATURES 


DATE 

940131 

840131 

840131 

840131 

840131 

840131 

940131 

840131 

840131 

840131 

840131 

940131 

840131 

840131 

840131 

840131 

840131 

840131 

840131 

840131 

840131 

B40131 

840131 

840131 

840131 

840131 

840131 
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13 

8 

9 

22 

12 

8 

46 

49 

*** 

16 

32 

7 

6 

8 

11 

8 

9 

14 

8 

10 

29 

14 

8 

45 

61 

*** 

16 

31 

7 

6 

8 

11 

8 

9 

14 

8 

10 

33 

15 

9 

46 

69 

*** 

16 

32 

7 

6 

8 

11 

8 

9 

15 

9 

11 

36 

18 

11 

*** 

78 

*** 

16 

31 

7 

6 

8 

10 

8 

9 

16 

8 

12 

38 

19 

12 

**« 

83 

*** 

16 

31 

7 

6 

8 

10 

8 

9 

17 

8 

12 

41 

21 

13 

*** 

89 

*** 

16 

31 

7 

6 

8 

10 

10 

11 

17 

8 

13 

43 

23 

14 

*** 

95 

*** 

16 

31 

7 

6 

8 

10 

15 

16 

18 

8 

14 

47 

28 

19 

*** 

**# 

*** 

16 

31 

8 

7 

8 

11 

17 

19 

19 

9 

14 

51 

33 

24 

*** 

*** 

*** 

16 

34 

9 

7 

8 

12 

20 

23 

21 

11 

16 

56 

37 

28 

*** 

*** 

*** 

13 

34 

9 

8 

9 

15 

23 

27 

24 

13 

19 

57 

40 

31 

*** 

*** 

*** 

19 

35 

10 

8 

9 

16 

n  *> 

27 

25 

14 

19 

39 

34 

28 

*** 

*** 

**# 

20 

37 

10 

8 

10 

18 

22 

27 

24 

15 

19 

26 

28 

23 

*** 

*** 

22 

43 

11 

8 

1 1 

20 

23 

28 

*- 

16 

18 

21 

26 

21 

*** 

*** 

*** 

24 

47 

12 

9 

12 

23 

25 

30 

21 

18 

17 

17 

23 

19 

*** 

*** 

**# 

27 

52 

13 

9 

13 

24 

26 

31 

21 

19 

16 

14 

22 

17 

*** 

*** 

*** 

28 

54 

14 

10 

14 

25 

27 

31 

21 

19 

15 

13 

21 

17 

*** 

*** 

96 

29 

56 

14 

10 

14 

25 

27 

32 

21 

19 

15 

13 

21 

17 

*** 

96 

92 

29 

56 

14 

10 

14 

25 

23 

27 

21 

20 

14 

12 

18 

16 

*** 

89 

84 

30 

56 

14 

10 

14 

25 

19 

23 

21 

19 

14 

12 

16 

15 

»** 

86 

81 

30 

56 

14 

10 

14 

24 

18 

21 

20 

19 

14 

11 

15 

14 

*** 

82 

76 

30 

56 

14 

11 

14 

23 

17 

20 

20 

19 

14 

11 

12 

12 

*** 

78 

72 

30 

56 

14 

11 

14 

22 

17 

19 

19 

18 

13 

10 

10 

10 

#** 

72 

64 

28 

54 

14 

11 

15 

20 

15 

17 

18 

16 

12 

8 

7 

6 

*** 

52 

42 

28 

53 

14 

11 

15 

19 

15 

17 

17 

16 

12 

8 

6 

6 

95 

49 

38 

28 

53 

14 

12 

15 

19 

14 

16 

17 

15 

11 

11 

8 

7 

19 

85 

28 

52 

14 

12 

15 

19 

18 

20 

17 

15 

11 

18 

14 

10 

*  *  * 

34 

*** 

23 

52 

14 

12 

15 

19 

18 

19 

17 

15 

12 

23 

14 

8 

*** 

48 

*** 

28 

53 

14 

12 

15 

19 

16 

20 

18 

15 

12 

27 

15 

8 

*** 

60 

*** 

28 

53 

14 

12 

15 

19 

14 

21 

18 

16 

12 

30 

16 

8 

*** 

68 

*** 

29 

55 

14 

13 

15 

19 

20 

22 

19 

16 

13 

35 

18 

10 

*** 

77 

*** 

29 

54 

14 

13 

16 

19 

20 

22 

20 

16 

14 

38 

19 

12 

*** 

83 

*** 

30 

56 

15 

13 

16 

19 

22 

23 

22 

16 

15 

42 

22 

12 

*** 

89 

*** 

31 

57 

15 

14 

16 

20 

19 

24 

24 

17 

16 

46 

25 

13 

*»* 

96 

*** 

33 

61 

16 

14 

17 

20 

22 

25 

27 

18 

19 

51 

27 

18 

*** 

*** 

ttt 

35 

66 

17 

15 

18 

21 

19 

27 

29 

19 

22 

54 

29 

18 

*** 

*** 

tt* 

UNCLASSIFIED 


1 


UNCLASSIFIED 


Table  C-9  (Cont'd) 
THERMOCOUPLE  TEMPERATURES 


/C-29 


940201 

840201 

940201 

940201 

840201 

840201 

340201 

840201 

940201 

840201 

840202 

840202 


160824  3 
165100  3 
165152  3 
165253  3 
165341  3 
171112  3 
171243  3 
171707  3 
182907  3 
203907  3 
011619  3 
074719  3 


9  16 
7  2 

7  ttt 
7  *** 
7  *** 
6  m 

6  ttt 
5  10 
3  6 
1  2 


6  -  2  -  1  -  0 
4  *«*  -  2  -  1 


6  4  ***  -  2  -  1 

6  4  ***  -  2  -  1 

5  3  96  -  2  -  1  - 

5  3  ***  -  2  -  1  - 

4  3  -  3  -  2  -  1  - 

2  1-2-2-1- 
0  -  0  -  1  -  1  -  1  - 


16  7 
14  ttt 
14  ttt 
14  2 
14  *'** 

I  3  ttt 
13  ttt 
13  4 

II  3 
8  2 


2  0  12  1 
1-0-0  0  ttt 

1-0-0  0  *** 
1-0-0  0  ttt 

1-0-0  0  2 
0  -  1  -  0  -  0  ttt 
0  -  1  -  1  -  0  97 

0  -  1  -  1  -  0  -  0 
1  -  1  ttt  -  1  -  1 
1  -  1  ttt  -  1  -  1 


0  —  0-1—  0-0—  1  —  1 
-1-2-2-2-2-2-3 


2  *** 


2-3 


2-2-0-2-3-3  ttt  -  3  -  3  -  4 


UNCLASSIFIED 


UNCLASSIFIED 


/  C-30 


1  {.  J.  A'A-.v-.v ,  v  ■  ,-*  yy'jr'jr’ /-j’ srfrsr-r.-J-.  •r.r. 


UNCLASSIFIED  /  C  -  3 1 

Table  C-10 

THERMOCOUPLE  TEMPERATURES 

THERMOCOUPLE  TEMPERATURES 


DATE 

TIME 

VEH 

1 

3 

4 

5 

6 

7 

e 

9 

10 

11 

12 

13 

1  4 

15 

16 

17 

13 

940200 

092006 

3 

_  n 

_  n 

-  2 

_  n 

_ 

-  3 

-  3 

-  3 

-  3 

-  3 

-  1 

-  3 

-  4 

-  4 

m 

-  4 

_  7 

- 

A 

340202 

094051 

3 

3 

-  0 

-  1 

-  1 

-  1 

4 

13 

15 

-  0 

1 

-  0 

6 

10 

6 

*** 

20 

ttt 

- 

3 

m 

840202 

091151 

3 

4 

n 

-  0 

-  1 

-  1 

5 

14 

15 

0 

2 

0 

12 

10 

8 

ttt 

33 

ttt 

- 

4 

m 

840202 

094651 

3 

9 

13 

n 

1 

0 

10 

13 

14 

9 

6 

5 

32 

o  o 

18 

ttt 

81 

ttt 

4 

940202 

094351 

3 

9 

15 

n 

1 

0 

9 

8 

10 

12 

6 

7 

36 

24 

19 

m 

85 

ttt 

- 

4 

840202 

095151 

3 

8 

16 

*5 

0 

0 

B 

7 

8 

15 

5 

9 

40 

26 

20 

*** 

87 

ttt 

- 

4 

*« 

840202 

095551 

3 

8 

16 

-> 

0 

0 

7 

7 

8 

17 

4 

12 

13 

23 

21 

98 

90 

ttt 

4 

/ 

840202 

095651 

3 

8 

16 

2 

0 

0 

6 

8 

8 

17 

5 

13 

44 

29 

n  -t 

91 

91 

ttt 

- 

4 

840202 

095751 

3 

8 

16 

0 

1 

6 

8 

8 

18 

4 

14 

44 

28 

20 

85 

91 

ttt 

- 

4 

■ 

940202 

095351 

2 

8 

16 

-> 

0 

0 

6 

3 

8 

18 

4 

14 

45 

27 

20 

80 

91 

ttt 

- 

4 

840202 

100051 

3 

7 

16 

0 

0 

6 

13 

13 

19 

4 

16 

45 

26 

13 

*4* 

96 

ttt 

- 

4 

840202 

100151 

3 

8 

1  6 

3 

0 

1 

6 

17 

16 

19 

5 

16 

47 

31 

2T 

*** 

ttt 

ttt 

- 

4 

340202 

100351 

3 

9 

18 

4 

1 

1 

7 

20 

20 

21 

8 

17 

49 

32 

24 

ttt 

ttt 

ttt 

- 

4 

m 

340202 

100551 

3 

1 1 

20 

4 

1 

9 

21 

IT 

22 

10 

19 

52 

37 

30 

ttt 

ttt 

ttt 

4 

m 

840202 

101451 

3 

16 

30 

7 

3 

4 

14 

24 

26 

27 

14 

2° 

52 

33 

23 

*** 

ttt 

ttt 

- 

3 

m 

340202 

101551 

3 

16 

31 

7 

3 

4 

15 

24 

27 

27 

15 

2 

54 

35 

27 

ttt 

ttt 

ttt 

- 

4 

m 

340202 

101651 

3 

17 

33 

8 

2 

5 

16 

25 

29 

28 

15 

23 

56 

40 

32 

ttt 

ttt 

ttt 

- 

3 

840202 

102051 

3 

19 

38 

8 

3 

6 

18 

26 

31 

29 

17 

25 

53 

43 

36 

*** 

ttt 

ttt 

- 

4 

■1 

840202 

102151 

3 

20 

39 

9 

3 

6 

18 

25 

29 

29 

17 

25 

56 

38 

31 

*** 

ttt 

ttt 

- 

4 

940202 

102351 

3 

21 

40 

9 

3 

6 

19 

26 

31 

30 

18 

26 

57 

43 

35 

m 

ttt 

ttt 

- 

4 

-j 

840202 

102851 

3 

23 

46 

11 

4 

8 

20 

28 

33 

31 

19 

27 

58 

44 

36 

ttt 

ttt 

ttt 

- 

3 

840202 

103251 

3 

25 

49 

1 2 

5 

9 

21 

27 

35 

32 

20 

28 

49 

41 

34 

m 

ttt 

ttt 

- 

3 

840202 

103351 

3 

25 

49 

12 

5 

9 

21 

27 

34 

32 

20 

28 

38 

36 

30 

m 

ttt 

ttt 

- 

3 

»■ 

840202 

103551 

3 

26 

52 

12 

6 

10 

22 

27 

34 

31 

21 

28 

33 

34 

29 

*** 

ttt 

ttt 

- 

3 

m 

840202 

103951 

3 

28 

55 

13 

7 

10 

23 

26 

32 

29 

21 

27 

28 

27 

21 

*** 

ttt 

ttt 

- 

3 

cl 

840202 

104051 

3 

28 

57 

13 

7 

11 

23 

27 

32 

28 

20 

26 

39 

25 

19 

tt* 

86 

ttt 

3 

840202 

104151 

3 

29 

57 

13 

7 

11 

24 

27 

33 

28 

21 

26 

38 

29 

20 

ttt 

74 

ttt 

- 

3 

840202 

104351 

3 

30 

59 

14 

8 

12 

25 

27 

33 

28 

21 

26 

31 

26 

20 

ttt 

*** 

ttt 

- 

3 

840202 

104451 

3 

30 

59 

14 

8 

12 

25 

27 

34 

28 

21 

26 

26 

28 

23 

ttt 

*** 

ttt 

- 

3 

840202 

104851 

3 

31 

61 

14 

8 

13 

26 

28 

35 

27 

22 

24 

22 

28 

24 

ttt 

ttt 

ttt 

- 

3 

» 

840202 

105351 

3 

33 

66 

15 

9 

14 

26 

29 

35 

26 

22 

23 

19 

26 

23 

ttt 

ttt 

ttt 

- 

3 

% 

840202 

105751 

3 

35 

67 

16 

10 

15 

27 

29 

36 

26 

23 

22 

17 

26 

21 

ttt 

ttt 

99 

- 

3 

840202 

105351 

3 

35 

68 

16 

11 

15 

27 

30 

36 

26 

23 

22 

17 

26 

21 

ttt 

ttt 

94 

- 

3 

840202 

110051 

3 

35 

69 

17 

11 

15 

28 

29 

34 

26 

23 

21 

23 

">? 

17 

ttt 

48 

*** 

- 

3 

, 

840202 

110151 

3 

36 

69 

17 

1 1 

15 

28 

30 

36 

26 

23 

21 

25 

23 

19 

ttt 

43 

*** 

- 

3 

/ 

840202 

110251 

3 

36 

70 

17 

11 

15 

28 

30 

37 

26 

23 

21 

28 

26 

23 

ttt 

51 

ttt 

- 

3 

840202 

110351 

3 

36 

70 

17 

11 

16 

28 

30 

38 

26 

23 

21 

31 

27 

25 

ttt 

62 

ttt 

- 

3 

840202 

110451 

3 

37 

71 

18 

12 

16 

29 

31 

38 

26 

24 

22 

34 

30 

26 

ttt 

72 

ttt 

- 

3 

840202 

110551 

3 

37 

71 

19 

12 

16 

29 

31 

38 

27 

24 

22 

36 

27 

23 

ttt 

77 

ttt 

- 

3 

sJ 

840202 

110651 

3 

37 

73 

18 

12 

16 

29 

30 

37 

28 

24 

22 

36 

26 

21 

ttt 

83 

ttt 

- 

3 

v1 

840202 

110751 

3 

39 

72 

13 

12 

17 

29 

31 

38 

29 

24 

22 

40 

30 

24 

ttt 

93 

ttt 

3 

840202 

110851 

3 

38 

74 

18 

13 

17 

29 

31 

38 

29 

24 

22 

44 

35 

28 

ttt 

ttt 

ttt 

- 

3 

840202 

111151 

3 

39 

74 

19 

13 

17 

30 

32 

40 

31 

25 

23 

49 

37 

29 

ttt 

ttt 

ttt 

- 

3 

i 

840202 

111351 

3 

39 

75 

19 

14 

18 

30 

33 

41 

32 

26 

24 

53 

42 

34 

ttt 

ttt 

ttt 

- 

3 

-i 

.  i 

840202 

111851 

3 

41 

77 

21 

15 

19 

30 

30 

34 

34 

27 

26 

56 

43 

35 

ttt 

ttt 

ttt 

- 

3 

*4 

4, 

840202 

111951 

3 

41 

77 

21 

15 

19 

30 

28 

32 

35 

27 

26 

53 

33 

26 

ttt 

ttt 

ttt 

- 

3 

*1 

840202 

112151 

3 

41 

77 

21 

15 

19 

29 

33 

38 

35 

26 

27 

56 

39 

30 

ttt 

ttt 

ttt 

- 

3 

840202 

112351 

3 

41 

77 

21 

16 

20 

30 

35 

41 

35 

27 

28 

60 

44 

36 

ttt 

ttt 

ttt 

- 

3 

840202 

112751 

3 

42 

79 

22 

16 

20 

32 

35 

42 

37 

28 

30 

51 

44 

37 

ttt 

ttt 

ttt 

- 

3 

J 

840202 

112851 

3 

43 

79 

22 

17 

21 

32 

34 

41 

37 

28 

30 

39 

39 

34 

ttt 

ttt 

ttt 

- 

3 

* 

840202 

113051 

3 

43 

80 

23 

17 

21 

33 

34 

41 

36 

29 

29 

34 

36 

31 

ttt 

ttt 

ttt 

- 

4 

V 

840202 

113451 

3 

44 

81 

23 

18 

n  n 

33 

34 

40 

35 

29 

29 

30 

31 

26 

ttt 

ttt 

ttt 

4 

’J 

840202 

113551 

3 

44 

81 

23 

18 

n  n 

4.  tm 

33 

34 

40 

35 

29 

28 

43 

28 

23 

ttt 

82 

ttt 

- 

4 

840202 

113651 

3 

44 

82 

23 

18 

22 

33 

35 

41 

35 

29 

29 

44 

30 

25 

ttt 

70 

ttt 

- 

4 

840202 

113751 

3 

45 

82 

24 

18 

23 

34 

35 

42 

35 

29 

29 

47 

35 

30 

ttt 

77 

ttt 

3 

840202 

113951 

3 

45 

83 

24 

19 

23 

34 

37 

43 

35 

30 

29 

53 

39 

34 

ttt 

91 

ttt 

3 

— 

840202 

114051 

3 

46 

83 

25 

19 

23 

34 

38 

44 

35 

30 

30 

55 

41 

35 

ttt 

96 

ttt 

3 

\ 

840202 

114351 

3 

47 

84 

25 

19 

24 

35 

38 

45 

37 

31 

30 

60 

45 

38 

ttt 

*** 

ttt 

- 

4 

J 

340202 

114551 

3 

47 

35 

26 

20 

24 

35 

36 

41 

37 

31 

31 

41 

37 

32 

ttt 

*** 

ttt 

4 

3 


*•,  j A.-.J.  .A.V  S. ,  V  /V  .V'.Ol 


UNCLASSIFIED 


UNCLASSIFIED 
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Table  C-10  (Cont'd) 


THERMOCOUPLE  TEMPERATURES 


£40202 

114651 

3 

47 

85 

26 

20 

24 

35 

28 

35 

37 

31 

30 

37 

25 

23 

*** 

XXX 

XX* 

- 

4 

940202 

114849 

3 

47 

84 

25 

20 

24 

33 

21 

24 

36 

30 

30 

33 

19 

15 

XX* 

XXX 

XXX 

4 

340202 

1 1  4949 

3 

46 

84 

25 

20 

24 

33 

6 

23 

36 

29 

30 

32 

20 

16 

«x* 

XXX 

XX* 

- 

4 

940202 

115249 

3 

45 

82 

24 

20 

25 

29 

S 

19 

33 

26 

29 

27 

17 

13 

XX* 

XX* 

XXX 

- 

4 

840202 

115349 

3 

44 

82 

24 

20 

25 

28 

14 

18 

31 

25 

29 

26 

14 

11 

XX* 

XXX 

XX* 

- 

4 

340202 

115449 

3 

44 

91 

24 

20 

24 

23 

14 

14 

30 

24 

29 

26 

12 

7 

XXX 

XX* 

XXX 

- 

4 

340202 

115849 

3 

43 

81 

24 

20 

25 

28 

15 

10 

28 

21 

28 

23 

8 

4 

XXX 

XXX 

XXX 

- 

4 

840202 

115949 

3 

43 

80 

23 

20 

25 

27 

14 

10 

26 

17 

27 

21 

7 

4 

XXX 

98 

98 

- 

4 

940202 

120049 

3 

43 

79 

23 

20 

25 

26 

12 

10 

25 

15 

27 

21 

6 

3 

XXX 

92 

91 

- 

4 

340202 

120149 

3 

43 

78 

23 

20 

25 

26 

11 

11 

24 

15 

27 

20 

6 

3 

XXX 

87 

84 

4 

340202 

120249 

3 

43 

79 

23 

19 

24 

26 

12 

6 

23 

14 

26 

19 

4 

<1 

XXX 

81 

79 

4 

9  10202 

120349 

3 

43 

77 

23 

19 

24 

26 

10 

9 

23 

14 

26 

19 

4 

n 

XXX 

77 

73 

- 

4 

340202 

120449 

3 

43 

77 

23 

20 

24 

26 

12 

10 

2  2 

13 

26 

19 

6 

3 

XXX 

73 

68 

" 

4 

840202 

120549 

3 

43 

76 

23 

20 

24 

25 

11 

8 

22 

13 

25 

18 

6 

n 

XXX 

68 

63 

- 

4 

340202 

120649 

3 

43 

76 

23 

20 

24 

25 

11 

3 

21 

13 

25 

18 

6 

n 

XXX 

65 

59 

- 

4 

940202 

120749 

3 

43 

75 

23 

20 

24 

25 

11 

8 

21 

13 

25 

17 

4 

1 

XXX 

62 

55 

- 

4 

840202 

120949 

3 

43 

74 

23 

19 

24 

24 

9 

10 

20 

12 

24 

16 

5 

3 

XXX 

55 

47 

- 

4 

840202 

121149 

3 

43 

73 

23 

20 

24 

23 

8 

9 

19 

13 

24 

16 

6 

n 

XXX 

50 

42 

- 

4 

840202 

121249 

3 

42 

73 

nn 

19 

24 

23 

9 

4 

19 

12 

23 

15 

n 

- 

0 

XXX 

47 

39 

- 

4 

840202 

121349 

3 

42 

72 

22 

20 

24 

23 

7 

10 

18 

12 

23 

15 

3 

1 

XXX 

44 

36 

- 

4 

840202 

121449 

3 

42 

71 

22 

19 

24 

23 

10 

5 

18 

11 

23 

15 

2 

0 

XXX 

42 

34 

- 

4 

840202 

121649 

3 

42 

71 

22 

19 

24 

23 

10 

5 

17 

10 

23 

14 

1 

- 

0 

XXX 

37 

29 

- 

4 

840202 

121949 

3 

41 

69 

22 

19 

23 

22 

11 

4 

16 

9 

22 

14 

2 

- 

0 

XXX 

31 

24 

- 

3 

840202 

122249 

3 

41 

68 

22 

19 

23 

22 

9 

2 

15 

8 

22 

13 

1 

- 

1 

XXX 

27 

19 

- 

3 

840202 

122549 

3 

41 

66 

21 

19 

23 

21 

7 

2 

14 

7 

21 

12 

-  0 

2 

XXX 

22 

15 

4 

840202 

122649 

3 

40 

66 

21 

18 

23 

21 

3 

7 

14 

7 

21 

12 

2 

- 

1 

XXX 

21 

14 

4 

840202 

122749 

3 

40 

65 

21 

19 

23 

21 

7 

1 

14 

7 

21 

12 

-  0 

- 

2 

XXX 

21 

13 

- 

4 

840202 

122849 

3 

40 

65 

21 

19 

23 

20 

4 

6 

13 

7 

21 

12 

1 

- 

1 

XXX 

19 

12 

4 

840202 

123149 

3 

39 

63 

21 

19 

23 

20 

6 

1 

13 

7 

20 

11 

-  1 

2 

XXX 

17 

10 

- 

4 

840202 

123649 

3 

38 

61 

20 

18 

22 

19 

5 

2 

12 

6 

20 

10 

-  1 

- 

2 

XXX 

13 

6 

- 

5 

840202 

123949 

3 

36 

60 

20 

17 

22 

19 

4 

-  2 

10 

4 

19 

9 

-  3 

- 

4 

XXX 

11 

5 

- 

5 

840202 

124549 

3 

33 

57 

19 

16 

22 

18 

4 

-  2 

8 

2 

19 

9 

-  3 

- 

4 

XXX 

7 

2 

- 

5 

840202 

125549 

3 

31 

53 

19 

15 

20 

17 

2 

-  2 

6 

0 

18 

8 

-  3 

- 

5 

XXX 

4 

-  1 

- 

5 

840202 

130749 

3 

29 

48 

18 

14 

20 

16 

2 

-  0 

5 

0 

17 

7 

-  2 

- 

4 

XXX 

1 

-  3 

- 

5 

840202 

132049 

3 

27 

44 

17 

13 

19 

15 

3 

-  1 

5 

2 

16 

6 

-  3 

- 

4 

XXX 

-  0 

-  3 

- 

5 

840202 

132649 

3 

26 

42 

16 

13 

18 

14 

-  1 

-  0 

4 

1 

16 

5 

_  2 

- 

4 

XXX 

-  1 

-  4 

- 

5 

840202 

133049 

3 

25 

41 

16 

13 

18 

14 

4 

-  1 

5 

3 

16 

6 

-  3 

- 

4 

XXX 

-  1 

-  4 

- 

4 

840202 

133149 

3 

25 

40 

16 

13 

18 

14 

-  3 

1 

5 

o 

dm 

16 

6 

-  2 

- 

3 

XXX 

-  1 

-  4 

5 

840202 

133449 

3 

25 

40 

15 

13 

17 

14 

2 

-  0 

4 

3 

16 

5 

-  2 

- 

4 

XXX 

-  1 

-  4 

- 

4 

840202 

133649 

3 

24 

39 

15 

13 

17 

14 

-  4 

1 

4 

3 

16 

5 

-  1 

3 

XXX 

-  2 

-  4 

- 

5 

840202 

134149 

3 

23 

38 

14 

13 

16 

13 

1 

1 

4 

4 

15 

5 

_  n 

- 

3 

XXX 

-  1 

-  4 

4 

340202 

135849 

3 

21 

33 

14 

11 

15 

12 

1 

_  n 

4 

n 

14 

4 

-  3 

- 

4 

XXX 

-  3 

-  4 

- 

4 

840202 

141949 

3 

19 

29 

13 

10 

14 

11 

4 

2 

4 

14 

4 

-  3 

4 

XXX 

-  3 

-  4 

- 

5 

840202 

143349 

3 

18 

27 

13 

10 

14 

11 

2 

-  3 

5 

4 

14 

4 

-  3 

“ 

5 

XXX 

-  3 

-  4 

- 

5 

840202 

144349 

3 

22 

20 

14 

14 

12 

14 

-  1 

2 

-  0 

1 

13 

4 

-  1 

- 

3 

XXX 

-  4 

~  5 

- 

5 

840202 

144449 

3 

26 

22 

18 

18 

13 

18 

-  3 

3 

-  0 

1 

13 

4 

-  1 

- 

3 

XXX 

-  4 

-  5 

- 

6 

840202 

144649 

3 

30 

26 

25 

24 

14 

24 

-  0 

4 

0 

2 

13 

4 

_  2 

- 

2 

XXX 

-  4 

-  5 

- 

6 

840202 

144849 

3 

28 

26 

24 

23 

17 

24 

3 

4 

1 

2 

13 

4 

-  4 

3 

1 1 

-  3 

-  4 

- 

5 

840202 

145149 

3 

32 

30 

26 

25 

23 

26 

-  1 

5 

1 

4 

13 

4 

-  6 

4 

8 

-  4 

-  4 

- 

5 

840202 

145349 

3 

30 

29 

27 

24 

23 

25 

5 

5 

2 

4 

13 

3 

-  5 

- 

4 

6 

-  4 

-  4 

- 

5 

840202 

150349 

3 

27 

29 

26 

23 

26 

24 

9 

7 

6 

8 

12 

3 

-  4 

- 

4 

2 

-  3 

-  4 

- 

5 

840202 

152049 

3 

25 

28 

24 

21 

25 

20 

9 

8 

10 

12 

1 1 

3 

-  5 

- 

4 

-  2 

-  4 

-  4 

- 

5 

840202 

160149 

3 

nn 

23 

21 

17 

21 

17 

8 

8 

12 

12 

9 

2 

-  5 

- 

5 

-  4 

-  5 

-  4 

- 

6 

840202 

160349 

3 

22 

23 

20 

17 

21 

17 

n 

dm 

7 

12 

12 

9 

2 

-  5 

- 

4 

-  4 

-  4 

-  4 

- 

6 

840202 

161425 

3 

20 

22 

19 

16 

20 

15 

-  3 

5 

11 

11 

9 

1 

-  4 

4 

-  3 

-  4 

-  4 

“ 

7 

840202 

170349 

3 

16 

18 

16 

12 

17 

13 

6 

3 

9 

8 

8 

0 

-  5 

- 

5 

-  5 

-  4 

-  5 

- 

8 

840202 

174816 

3 

12 

14 

12 

8 

14 

10 

2 

1 

7 

6 

6 

-  2 

-  7 

- 

7 

-  6 

-  6 

-  7 

- 

9 

840202 

183316 

3 

9 

11 

10 

7 

11 

8 

-  2 

-  0 

5 

3 

5 

-  3 

-  8 

- 

8 

-  7 

-  7 

-  8 

10 

840202 

183716 

3 

9 

11 

9 

6 

1 1 

8 

3 

-  1 

4 

3 

5 

-  3 

-  8 

- 

8 

-  7 

-  8 

-  8 

- 

9 

040202 

200020 

3 

6 

7 

6 

4 

7 

4 

-  1 

-  0 

2 

n 

n 

-  5 

-  8 

- 

8 

-  7 

-  8 

-  8 

- 

9 

840202 

215622 

3 

n 

3 

n 

1 

3 

1 

-  3 

-  2 

-  0 

-  0 

-  0 

-  6 

-  8 

8 

-  7 

-  8 

-  9 

8 

UNCLASSIFIED 


\  •"  *"« «  ,  •  4  /.  ■*  „  »  .  •  .  -  .  •*.  /. .  ,  /,  v*  «  ,  /,  - .  »  ,  -  „  ►  ./.  r,  ^  *  s  v.1 ■ v, 


840203 

840203 

840203 

840203 

840203 

840203 

840203 

840203 

940203 

840203 

840203 

840203 

840203 

840203 

840203 


011922  3 
040622  3 
052522  3 
070222  3 
070822  3 
071822  3 
090548  3 
090648  3 
090748  3 
090943  3 
091149  3 
091349  3 
091543  3 
091748  3 
091948  3 


1 

-  1 

_  n 

-  o 

-  1 

—  n 

3 

-  3 

-  3 

-  4 

-  3 

-  4 

3 

-  4 

-  4 

-  4 

-  3 

-  4 

7 

4 

-  1 

-  1 

-  3 

-  0 

**> 

5 

1 

-  1 

-  0 

-  0 

7 

3 

-  0 

4 

1 

10 

6 

5 

4 

2 

5 

16 

12 

9 

9 

2 

9 

20 

16 

13 

13 

3 

13 

26 

k.  k. 

19 

19 

5 

19 

30 

26 

25 

24 

9 

24 

35 

29 

29 

29 

13 

29 

38 

33 

33 

33 

19 

33 

42 

37 

37 

36 

36 

45 

42 

40 

39 

26 

40 

UNCLASSIFIED 

Table  C-10  (Cont'd) 
THERMOCOUPLE  TEMPERATURES 
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TEMPERATURE  DATA 
FROM  CONTROL  VEHICLE 

NOTE : 

1.  An  unplugged  thermocouple  breaks  the  thermocouple  circuit  and  causes  the 
data  acquisition  system  to  measure  common  mode  voltage  which,  in  most  cases, 
corresponds  to  a  very  high  temperature.  In  those  situations  the  temperature  is  far  beyond 
the  range  used  for  actual  temperature  measurements  and  therefore  the  temperature  is 
displayed  in  the  tables  as  ‘***’  and  will  not  appear  on  the  temperature  plots  except  as 
a  line  descending  directly  down  from  a  very  high  temperature  to  a  legitimate  reading. 
These  occur  on  several  occasions  in  Annex  D  but  must  be  disregarded  as  they  have 
absolutely  no  bearing  on  the  temperatures  which  occurred  in  the  vehicles. 

2.  Although  temperature  data  was  recorded  at  one  minute  intervals  during  the  test 
period,  to  reduce  the  amount  contained  in  this  Annex,  data  is  presented  only  after  each 
change  of  4°C  in  any  thermocouple  reading. 
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LEGEND  FOR  ANNEX  D  TEMPERATURE  DATA 


1.  Oil  —  Oil  Pan,  Rear 

2.  Coolant  —  Thermostat  Housing 

3.  Air  —  Air  Inlet  Horn 

4.  Fuel  —  Fuel  Inlet 

5.  Electrolyte  -  Battery,  Forward 

6.  Air  -  Battery  Box 

7.  Air  —  Crew  Compartment 

8.  Air  —  Outside  of  Vehicle 
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